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R.D.WOOD, 


Leader Since 1803, 
Presents 


A Low-Cost Hydrant You Can 
Depend On 


The R. D. Wood Standard Swivel 
Joint Hydrant gives you the most for 
your money in strength, reliability and 
sound design. The all-bronze stuffing 
box, gland and operating nut prevent 
rust and corrosion. Internal friction 
which might lower pressure is reduced 
to well below A.W.W.A. specifications 
by tapered nozzleways and carefully 
rounded changes in diameter. 


Breakable Flange and Stem 
Coupling 

Available at slight extra cost. Designed 
to snap under a blow which would 
otherwise smash the hydrant, flange 
and stem coupling can be inexpen- 
sively and quickly replaced without 
excavation, 

Extension Piece 


Can be inserted without interrupting 
water flow. 


R. D. Wood 


Hydrants now avail- 
Valves now 


able with O-Ring 
| when specified. 


A Gate Valve Built for 
Generations of Trouble- 
Free Operation 

The R. D. Wood Gate Valve 
can be depended on to work 
and keep on working for years. 
It is simply constructe 
spreader and two discs are the 
only moving parts. The discs 
are free to revolve their full 
circumference, preventing un- 
even wear on faces and seats. 
When valve is fully open, gates 
are entirely clear of flow. 


Gate 


avail- 


able with O-Ring 


Seal when specified. 


1 mechanical joint and flange-type pipe c« 


R. D. WOOD Co. 


Public Ledger Building, Independence Square - 


Philadelphia 5, Pa. 


Manufacturers of Mathews Hydrants and "Sand-Spun" Pipe (centrifugally cast in sand molds) 
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INVISIBLE 
WATERTIGHT 
BARRIER 


The glass walls of a modern aquarium form an invisible barrier which 
contains the many tons of water in which marine life can be observed safely 
by the public. 


An equally watertight barrier, invisible in the finished product, exists in 
every high pressure Lock Joint Concrete Pipe. It is the impermeable, welded 
sheet steel cylinder molded into the pipe’s dense concrete wall. 


Every one of these cylinders is subjected to a rigorous hydrostatic test which 
places a stress of up to 25,000 psi in the steel. During the test every welded 
seam is carefully examined for leaks, and only those cylinders which are 
completely watertight are accepted. This is only one of many quality control 
measures observed in the production of Lock Joint Concrete Pressure Pipe. 


Can you guess approximately how many bodies of 
average priced automobiles could have been made 
from the steel cylinders required in the construction 
(a of the 254,500’-48” section of the Saginaw-Midland 

* water supply line? If you’re stumped, the answer 
appears in the picture above. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Sales Offices: Chicago, lil. - Columbia, S.C. - Denver, Col. + Detroit, Mich. - Hartford, Conn. - Kansas City, Mo. - Perryman, Md. 
Pressure - Water - Sewer - REINFORCED CONCRETE Pipe - Culvert - Subaqueous 
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body thicknbse equal to / Molded natural rubber TWO-WAY 

or greoter thon colled lor moteria!) reinforced with / THRUST BEARING 

for by AWWA Specifica ‘cinless steel sert : Keeps valve disc cen 

STUFFING BOX tions. Stendard laying cemented ond screwed in place tered regordless ov 
Liner design keeps stuf- lengths. / for complete immobility. Permits valve position ond 
fing box unlooded .. . valve relocation without difficul absorbs ony unbol 
this, plus only 90° ro- ties encountered with spool-type anced oxial thrust de 
totion of shaft, virtually liner volves veloped by static 
tes leokage. pressure acting on the 

valve shaft 


STAINLESS 
STEEL 
SHAFT 


REDUCE MAINTENANCE COSTS 
with Builders Butterfly Valves 


Strict adherence to sound engineering and advanced hydraulic 

principles accounts for the high durability of Builders Butterfly 

Valves. These design features, plus extra-sturdy construction 

result in valves which last the life of the plant and require 
minimum maintenance. 

Remember, too, that these Butterfly Valves are backed by 

on Builders specialized knowledge of water and sewage 

works metering and control problems. Builders 

_-—-: Butterfly Valves are built to AWWA specifications 

. for water and sewage works service. 


For Bulletin 650-LIB, write 
BUILDERS-PROVIDENCE, INC., 365 Harris Ave., Providence |, 


©BUILDERS-PROVIDENCE 
B-I-F INDUSTRIE 
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“We have excavated 

lengths of Transite 

after 20 years of 
service and have 
found no sign of 
tuberculation...”’ 
says Consulting Engineer 
Leigh O. Gardner 


Yost and Gardner, Engineers 
Phoenix, Arizona 


ability and easy-to-join 


Va 
our clients’ final costs low. te | 


economy of operation 
dike throughout its long life. Ca ae 
e We have excavated Early installation photograph, Tucson, Arizona, 


i where Transite has served since 1934. Still factory- 


lengths of Transite after smooth, these Transite water mains will contrib- 


ute to pumping economy for many years to come. 


years of service and 
have found no sign of | A, 
tuberculation ...the == 

smooth inside walls proving 


it still has low coefficient = M 


of friction and therefore 
highest carrying capacity.” = : 
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Crews of F. J. Gallagher Trenching Co. installing 14” line in Tucson, Arizona 


The lasting smoothness of Transite Pressure Pipe 
lowers operating costs ...lets you cut installed costs, too 


Add Transite’s interior smoothness 
to its non-tuberculating properties 
—and you see why it helps you de- 
sign a water system that reduces 
community costs in two different 
ways. 

You reduce installed costs. For 
Transite’s high carrying capacity 
(flow coefficient, C=140) often lets 
you specify pipe of smaller diam- 
eter. And because Transite® can’t 
tuberculate, you can design the 
system with no need to allow for 
future reduction in carrying ca- 
pacity. 

You reduce operating costs. 
Transite’s maintained carrying ca- 


Jouns-MANVILLE 


pacity keeps pumping costs low. 
Its strength, durability and corro- 
sion-resistance cut maintenance to 
a minimum, provide years of 
trouble-free service. 

The Ring-Tite® Coupling lets 
you effect further savings: speeds 
installation to save time and labor 
costs; eliminates need for compli- 
cated equipment; assures tight seal 
at every coupling , 
in the system. 

Let us send you 
booklet TR-160A. 

Write Johns-Man- 
ville, Box 14, New 
York 16, New York. 


Transite’s Ring- 
Tite Coupling 


lasting seal! 


assures a tight, 
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COMING MEETINGS 


Vol. 49, No. 11 


AWWA ANNUAL FERENCE 


Dallas, Tex. 


Apr. 20-25, 1958 


Coming Meetings 


am AWWA SECTIONS 
Fall 1957 Meetings 


Nov. 10-—13—Florida Section, at 
Roosevelt Hotel, Jacksonville. Secre- 
tary, J. D. Roth, P.O. Bin “O,” Miami 

Beach 39. 


Nov. 11-13—North Carolina Sec- 
; tion, at Hotel Sir Walter, Raleigh. 
Secretary, W. E. Long Jr., State 


Stream Sanitation Com., Raleigh. 
Nov. 
vana. 
_Vice-Pres., 
Havana. 


14-16—Cuban Section, Ha- 
Secretary, C. M. Labarrere, 
Dussaq Co., Apdo. 278. 


Spring 1958 Meetings 


Jan. 28—New York Section Mid- 
winter Luncheon Meeting, Park-Shera- 
New York. 
Blanchard, Ludlow 
. 11 W. 42nd St., 


Hotel, 

Kimball 
Mfg. Co., Inc 
York 36. 


Secretary, 
Valve 


New 


Feb. 5-7—-Indiana Section, at Sher- 
Sec- 


retary, C. H. Canham, 3517 Manor 
Court, Indianapolis. 


Mar. 12-14—Kansas Section, at 
Lamer Hotel, Salina. Secretary, 
Harry W. Badley, Representative, 
Neptune Meter Co., 119 W. Cloud, 
Salina. 


Mar. 20—22——-Montana Section, at 
Florence Hotel, Missoula. Secretary, 
Arthur W. Clarkson, Asst. Director, 
Div. of Environmental Sanitation, 
State Board of Health, Helena. 


Mar. 23-—25—Southeastern Section, 
at Dinkler-Plaza Hotel, Atlanta, Ga. 
Secretary, N. M. deJarnette, Engr., 
Div. of Water Pollution Control, State 
Dept. of Health, 309 State Office Bldg., 
Atlanta, Ga. 


Mar. 26—28—New York Section, at 
Van Curler Hotel, Schenectady. Sec- 
retary, Kimball Blanchard, Ludlow 
Valve Mfg. Co., Inc., 11 W. 42nd St., 


New York 36. 


(Continued on page 10) 
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AMPLE DEFLECTION TIGHT JOINTS 

Full length, restrained joint, bursting 
tests prove Bell-Tite joint, even fully 
deflected, is stronger than the pipe. 


Photo shows how easily Clow Bell- 
Tite joints handle casual curves or nor- 
mal grades without fittings. 


FAST INSTALLATION SIMPLE ASSEMBLY 


Above, Clow & Bell-Tite pipe being Wipe clean, lubricate, and push spigot 
installed at the rate of 2 joints per into bell. When painted = stripe 
red. disappears, jo . 


CLOW BELL-TITE JOINT 


Here’s the new time-saving, labor- working pressures up to 350 psi, the 
saving, money-saving way to lay pipe itself meets all applicable pro- 
watermain. A single gasket, rubber visions of AWWA, ASA, and Fed- 
seal joint that requires no bolts or eral Specifications. Complete details 
follower glands to make a tight, de- gladly rushed to you on request. 
pendable joint. Listed by the Under- ’ ya 
writers’ Laboratories, Inc., for water 


* Patent applie 


201-299 N. Talman Ave., Chicago 80, Illinois 


Subsidiaries 
= Eddy Valve Company, Waterford, New York 
lowa Volve Company, Oskaloosa, lowa 


| 4 
| 


COMING MEETINGS 


=< 
Vol. 49, No. 11 


Mootings 


Mar. 26—28—Illinois Section, at La- 
Salle Hotel, Chicago. Secretary, 
Dewey W. Johnson, Research Engr., 
Cast Iron Pipe Research Assn., 3440 
Prudential Plaza, Chicago. 


Coming 


Apr. 16-18—Nebraska Section, at 
Cornhusker Hotel, Lincoln. Secre- 
tary, John E. Olsson, Cons. Engr., 408 
Sharp Bldg., Lincoln. 


May 15-17—Pacific Northwest Sec- 
tion, at Davenport Hotel, Spokane, 
Wash. Secretary, Fred D. Jones, Asst. 
Supt., Water Dept., 306 City Hall, 
Spokane, Wash. 


May 15-17—Arizona Section, at El] 
Conquistador Hotel, Tucson. Secre- 
tary, Stanford I. Roth, Supervisor of 
Water Collections, Div. of Water & 
Sewers, Phoenix. 


Jun. 1-4—Canadian Section, at 
Royal York Hotel, Toronto, Ont. 
Secretary, A. E. Berry, Gen. Mgr. & 
Chief Engr., Ontario Water Resources 
Commission, Parliament Buildings, 


Toronto. 


Jun. 25-27—Pennsylvania Section, 
at Hotel Lawrence, Erie. Secretary, 
L. S. Morgan, Div. Engr., State Dept. 
of Health, Greensburg. 


OTHER ORGANIZATIONS 


Nov. 11-15—Annual Meeting, American 
Public Health Assn., Cleveland, Ohio. 


Nov. 13-15—National Conference on 
Standards, American Standards Assn., 

wi at St. Francis Hotel, San Francisco, 

Calif. 


(Continued from page 8) 


Nov. 18-21—Water Works Operators 
Short Course, Purdue University. For 
information, write: Prof. Harvey Wilke. 
Civil Engineering Bldg., Purdue Uni- 

versity, West Lafayette, Ind. 


Nov. 20-22—Water Works Management 
Short Course, University of Illinois, at 
Allerton Park, Monticello, III. 
formation, write: Short Course Super- 
visor, 116 C Illini Hall, Champaign, II. 


For in- 


Dec. 2-6—Exposition of Chemical Indus- 
tries, at the Coliseum, New York, N.Y 


1953 


Jan.-Mar.—Short courses sponsored by 
R. A. Taft Sanitary Engineering Cen- 
ter: Basic Radiological Health (Jan. 
13-24), Environmental Health Aspects 
of Nuclear Reactor Operations (Jan. 
27-31), New Techniques in Bacterio- 
logical Examination of Water (Jan. 
27-31), Detection Control of 
Radioactive Pollutants in Water (Feb. 
24-28), Advanced Training for Sani- 
tary Engineers in Water Supply and 
Water Pollution (Mar. 3-14), Sanitary 
Engineering Aspects of Nuclear Energy 
(Mar. 17-28). 
ing, R. A. Taft Sanitary Engineering 
Center, 4676 Columbia Pkwy., Cincin- 
nati 26, Ohio. 


and 


Apply to: Chief, Train- 


Jan. 27-31—Prestressed Concrete Short 
Course, Ellinor Village, Daytona Beach, 
Fla. Conducted by Civil Engineering 
Dept., University of Florida, Gaines- 
ville. 


Mar. 17-21—4th EJC Nuclear Engineer- 
ing & Science Conference and Interna 
tional Atomic Exposition, Chicago, II. 
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ANOTHER GRAVER ANSWER TO A WATER STORAGE PROBLEM 


This 400,000 gallon elevated water tank for Plymouth, Indiana, is another example 
of Graver’s skilled craftsmanship in steels and alloys. Graver’s nationwide organ- 
ization and 100 years of experience in the design, fabrication and erection of all 
types of storage tanks can be of valuable assistance in solving your water storage 


problems, too! Write today for information. GRAVER TANK & MFG.CO.,[NC. 


New York «+ Philadelphia + Edge Moor, Del. « EAST CHICAGO, INDIANA 


Pittsburgh + Detroit + Chicago Tulsa + Sand Springs, Okla. BAS7-I9S7 
Houston LosAngeles Fontana, Calif. San Francisco 


Ou Ye 
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Getting best results from your 
soft-water installation? 


| 


TARSAL 


7 rh ie To be sure your softeners are working at peak efficiency, regenera- 
tion must be complete. This article is number 9 in a series pre- 
7 i by International Salt Company on the use of salt and brine 

in regeneration. 


storage and 


4. Lixator hung above floor, to save floor 


feeding 


makes salt handling easier 


You can save both time and manpower in 
salt handling by installing a salt-storge unit 
that feeds directly into a salt dissolver. 
Here are four of the most practical designs 
for combining salt storage and feeding. One 
of them—or an adaptation of the basic de- 
sign—may be effective in saving floor space 
and lowering salt-handling costs for you. 


1. Filling dissolver from floor pile. If salt 
must be stored in bulk on the same floor as 
the dissolver (the dis- 

solvers shown here are 

International’s famous 

Sterling Model Lixa- 

tors), an excellent feed- 

ing device is a portable 

belt conveyor. The best 

type for moving salt is made of aluminum 
with a rubber belt, and is between 16’ and 
20’ long. 


2. Overhead storage with vertical chute. 
This direct-feed unit is a practical, eco- 
nomical way of operating the Lixator. If 
storage capacity on floor above is large 
enough, no hopper is needed, which means a 
considerable saving. Feed is automatic be- 
cause of angle of repose for salt. 


3. Pyramid-type hopper design. This is 
another variation of overhead feed, coupled 
with large storage capacity. But if storage 
space on floor above is limited, this design 
is also practical. Salt can simply be dropped 
into the hopper through a large hatch with 
a removable cover 


space. A very desirable design when floor 
space is at a premium. o 

Design here also shows 
use of a few salt bags 
to act as a storage-bin 
wall—in place of a 
permanent bin struc- 
ture. 


One final note about 
the equipment discussed here. All Lixators 
operate on exactly the same principle. They 
vary only in size and capacity, and in meth- 
ods of delivering salt to the dissolver unit. 
All Lixator designs are exclusive Inter- 
national Salt Company developments, prop- 
erly protected by patents and patents pending 


Salt—and technical service—from 
International 


Through skilled and experienced: “Salt Spe- 
cialists,” we can help you get greater effi- 
ciency and economy from the salt or brine 
you use for regeneration. International pro- 
duces both Sterling Evaporated and Sterling 
Rock Salt in all types and sizes. So we can 
recommend the type and size of salt most 
perfectly suited to your needs. 


If you’d like to get this technical assist 
ance—or any other information on salt or 
brine—simply contact your nearest Inter- 
national sales office. 


SALES OFFICES: Atlanta, Ga.; Chicago, Ill.; New 
Orleans, La.; Baltimore, Md.; Boston, Mass.; Detroit, 
Mich.; St. Louis, Mo.; Newark, N.J.; Buffalo, N.Y.; 
New York, N.Y.; Cincinnati, O.; Cleveland, O.; Phila- 
delphia, Pa.; Pittsburgh, Pa.; Memphis, Tenn.; and 
Richmond, Va. 


INTERNATIONAL 
SALT CO., INC. 
SCRANTON 2, PA. 


| — 


TESTED... AND 
PROVEN BEST! 


Test after test, made by various independent research 
organizations, conclusively prove that DURAJOINT 
Waterstops are the only waterstops ayailable on which 
you can stake the safety of your design and reputation. 
The results of these tests plus the many other advan- 
tages offered by DURAJOINT Waterstops are con- 
cisely stated in our new Waterstop Manual No. 457. 
Check and mail the coupon below for your free copy .. . 
it will make an excellent addition to your waterstop file. 


D U RAIJOI NT TECHNICAL INFORMATION 


121 HILL AVENUE - AURORA, ILLINOIS 


T. 
Gentlemen: DEPT. 34 


CJ Please send me, without 
obligation, a copy of 
Manual No. 457. ADDRESS__ 


L Have Representative call. 


FIRM. 
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GENERAL FILTER 


WILL FIT YOUR NEEDS LIKE A 


: 
That's right! General Filter actually prescribes o water treatment plant to fit the 
individual needs and requirements of each industry or municipality . . . designs, 
engineers ond constructs it to assure an adequote supply of pure water... to 
provide dependable, economical, trouble-free operation over the years. 
That's why more and more industries and municipalities ore in- 
stalling General Filter water treatment plants. They know they 
can depend on General Filter to solve their problem the right 
way. No job is too big or too small. General Filter's field-trained 
water speciolists will prescribe a plont .. . its experienced en- 
oh BY : gineers design it and its skilled construction engineers will 
RIENCE KNOW omit your needs exactly. 


ARONGRUST REMOVAL 
ALKALINITY CONTROL 
HIGH CAPACITY. 


Find out how General Filter solves Water Treatment problems for | Fi Co 
industries ond Municipalities . how General con Genera ter mpa ny 
solve yours 
Write todo, for complete AMES, 
“yours for better woter™ 


a 
= 
- 
4 
WATER TREATMENT PLANT | 
d 
1 
| 
ipa 
« 
A, he 
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Saddie-Nut 


HOLDS the meter for you! | 


time... . Save trouble . . . . Save gaskets, by 
putting the FORD SADDLE NUT at inlet, or both ends 


of every meter installation. 


The patented Ford Saddle Nut has a supporting lip ex- 
tending about half way around the meter nut, so that it 
supports the weight of the meter, lines up the threads 
of the nut with the meter spud, and provides a place to 
hold the gasket before the nut is screwed onto the meter. 


The Ford Saddle Nut is available on all Coppersetters 
and Resetters at a small additional cost. 


Send for Complete Information. 


FOR BETTER WATER SERVICES 


THE FORD METER BOX COMPANY, INC. Wabash, Indiana . 


\ | 

| 


JOURNAL AWWA 7 V ol. 49, No. 1d 


_ No need to when you lay Tyton Joint® pipe. 
This quick and easy-to-assemble pipe goes in so 
smoothly it’s a pleasure to work with. 


¥ ’ Only one accessory needed—a simple rubber 1 
_ gasket that fits in the receiving pipe bell 
and is compressed by the entering spigot to 
- permanently seal the joint. No bell holes. No 
_ weather worries, Tyton Joint can be laid 
~ in rain or wet trench. 


A word of warning, however: make sure your 
trenching machine gets an early start or 


work likef: 
gee 
FOR WATER, SEWERAGE AND 


Nov. 1957 


your laying crew —even an inexperienced 
one—will catch up fast. 


Like all the facts on this new, time-and-money- 
saving pipe? Call or write today. 


U. S. PIPE AND FOUNDRY COMPANY 
General Office: Birmingham 2, Alabama 


A WHOLLY INTEGRATED PROOUCER FROM MINES 
BLAST FURNACES TO FINISHED PIPE 


Wipe a film of special lubricant over inside of gasket 


‘WE NEED A COUPLE MORE DAWGS, 
GRAN'MAW...WE'RE LAYIN’ THE 
TYTON FASTER'N THEY KIN DIG" 


Force plain end to bottom of socket . . . the job's dene! 
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efa dog? TYTON a 
ONLY FOUR SIMPLE ACTIONS 
Insert gasket with groeve over bead in gasket seat 7 
: plain ond of pipe until it contacts gasket 
a 
uo INDUSTRIAL SeRVice he 


The combined capacity of Roberts- 
equipped filtration plants is well over 
5 billion gallons (5,000,000,000) per 
day. Regardless of the size of the 
plant or the nature of the filtration 
problem, Roberts Filter can be 
depended upon for equipment that 
is reliable in years of service. 


SWIMMING POOL 
RECIRCULATING SYSTEMS 


The combination of thoroughly clari- 
fied water and efficient recirculation 
are features for which Roberts pools 
are famous. Systems for both outdoor 
and indoor pools are designed and in- 
stalled by men long experienced in 
the conditions peculiar to a success- 
ful swimming pool installation. 


Water treatment has long been a 
specialty of Roberts Filter. Zeolite 
water softeners are guaranteed to 
meet all soguivcqnenss for which 
recommended, and are available in a 
wide range of capacities. Roberts 
water conditioning equipment is 
widely used to control precisely the 
desired chemical content of water 
for industrial use. 


Closed pressure filters have wide 
usage where gravity filters are not 
justified. Roberts vertical filters are 
available in standard types from 12” 
to 96” diameter; horizontal pressure 
filters are all 8’0’ in diameter and in 
varying lengths from 10’0” to 25’0’. 


When you think of good water—think of Roberts Filter 


Roberts Filter 


Manufacturing Company’ Darby, Penna. 
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TAPPING 


* Modern Improved Design 
* Designed for the Man in the Ditch 
¢ One Third Lighter MODEL B 
* Easier to Handle —s ALUMINUM 
Easier to Operate ALLOY | 
* Speedier Operation 
¢ Use with Any Standard Make of Stops TAPPING | 
* See for Yourself What it Will Do for You MACHINE 
MAIN 


CORPORATION 
STOP 
DRILLING 


MACHINE ROUNDWAY 
COPPER METER SETTERS CURB STOP 


Join the A. W. W.A,. 
HAYS is one of the eleven WATER WORKS PRODUCTS 


the American Water . ERIE, PA. 


Works Association. 
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Here At Last...A superior flexible plastic pipe! 


ORANGEBURG 


s acids, 
salts 


Resist 


(no 


le, 
rength tlexib 


y handled 


ths to 400", 
or fittings 


Greater st 
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cost, lasting 
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SP Phastic Pipe 
.-Does Not Pin-Hole 


Takes Higher Pressures 
Has Greater Strength 


OranGEBurRG SPis the only flexi- 
ble plastic pipe, made from a 
superior new-type polyethylene 
resin, which took ten years of re- 
search to perfect. This resin’s ex 

tremely high molecular weight 
gives exceptional strength and 
service life... superior qualities 
found only in Orangeburg SP 


sistance 


APPROVED FOR DRINKING 
WATER SERVICE BY NATIONAL 
SANITATION FOUNDATION 


Plastic Pipe. 


PROVED SUPERIORITY= 
ORANGEBURG SP Pipe exceeds 
every test known for polyethyl- 
ene pipe! Does not crack, break 
or corrode, Defies rough han- 
dling, hot sun and freezing tem 
peratures. Smooth bore increases 
flow capacity, prevents build- 
up of pressure reducing deposits. 
IDEALLY SUITED FOR water 
service lines, jet wells, irrigation 
lines, underground sprinkler 
systems, swimming pools, water 
and drainage lines during con- 
struction, chemical process lines 
and many other installations. 


SPECIFY ORANGEBURG SP 
—made in 42” to 2” sizes. Weighs 
only ¥% as much as steel, installs 
fast and at low cost. Write Dept. 
JA-117 for more facts. 


Backed by ORANGEBURG’S 64-year reputation for quality 


ORANGEBURG MANUFACTURING CoO., 


INC., Orangeburg, N.Y., Newark, Calif. 


| | 
| 
| 
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This knowledge gained through 75 years 
of experience is a “plus” factor in any 
phase of Layne’s service. 


Knowing where the water is—and then 
tapping the subterranean source is but a 
part of the vast knowledge the Layne or- 
ganization has accumulated in three quar- 
ters of a century. 


Exploration, drilling, wells, pumping 
equipment, maintenance — in short any 
problem or phase of ground water devel- 
opment, think first of Layne. 


Experience plus a world-wide reputation 
for economy, dependability and service are 
your best guarantee for more water 
at less cost. 


Write for your copy of bulletin ” 100 D for 
more detailed information. 


WATER WELLS «¢ VERTICAL TURBINE PUMPS ¢ WATER TREATMENT 


LAYNE & BOWLER, INC. MEMPHIS 


General Offices and Factory © Memphis 8, Tennessee 


LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD 
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EXPERIENCED 
HELP 
NOT 


It’s easy...it’s economical...it’s convenient... 
WHEN YOU DO IT YOURSELF! 


Pipe cleaning with “Flexibles” requires no 
special skills because tools and methods are 
so basically simple. Many cities contract 
cleaning costs of 12¢ per foot have been 
reduced to around 3¢ by using “Flexible” tools 
and regular employees. Other advantages: you 
clean at your own convenience, during slack 
periods— and with less inconvenience to 
customers. 


PRESSURE LINE SCRAPER METHOD 
For long runs and light deposits. 
Inserted in cut-out section of 
main, it travels by water pressure 
— cleaning as it goes. Scrapings 
are deposited on street level by 
scraper as it emerges from the 
riser. 


CHAIN HEAD AUGER METHOD 

For short runs and hard deposits. 
Operated by Flexible Power Drive, 
centrifugal force drives hard-faced 
chain knockers against encrusta- 
tions, chipping, cracking, smooth- 
ing. 


For further facts or Catalog 55-B on “Do It Yourself,” 
write for name of the nearest Flexible Distributor 


1005 SPENCERVILLE ROAD, LIMA, OHIO 
3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
351 W. JEFFERSON BLVD., DALLAS, TEXAS 
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WITH CELITE DIATOMITE FILTRATION 
YOU CAN GET CRYSTAL CLEAR WATER AND... 
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An actual installation by Johns-Manville estab- 


lished that a Celite* filter station can be con- 
structed for 55° of the cost of a comparable 
sand filter plant.t 

Diatomite systems not only cut costs, but, under 
comparable conditions, they also improve water 
clarity. For with Celite, turbidity is usually lower 
since more suspended impurities, including all floc, 
amoebae and algae, are removed. In fact in some 
cases, turbidity is so low it can’t be measured. 

Diatomite systems save space, too. To deliver 
the same installed capacity requires a sand filter 
plant 4 times as big. 

Mined by Johns-Manville at the world’s largest 
and purest commercial diatomite deposit, Celite is 
carefully processed for purity and uniformity. It is 
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ltration costs 


as much as 45% 


available in a wide range of grades to deliver the 
best practical balance of clarity and flow rate with 
any suitable filter. For further information see 
your nearby Celite engineer or write for free tech- 
nical reprints and illustrated brochure to Johns- 
Manville, Box 14, New York 16, N. Y. In Canada, 
Port Credit, Ontario. 


Celite filter aids are composed of 

microscopic, irregularly-shaped 

particles like these. 90°, of a given 

quantity of Celite is composed of 

countless channels and voids that 

trap the finest impurities while per- 

mitting the free passage of clear 

liquid. 

*Celite is Johns-Manville's registered trade mark for its diatomaceous 
silica products. tsee Comparison Studies of Diatomite 


Filtration by G. R. Bell, Journal American Water Works ‘Association, 
September, 1956, or write for free reprin 


Johns-Manville CELITE Filter Aids 
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Model S-54 Power Operated or Hand Operated : 


nomical machine available. S-54 Machines are produced with either 25” 

or 37” travel. The Machine is used with Tapping Sleeves, Hat Flanges, 
Saddles and Tapping Valves to make 2” through 12” connections under 
pressure to Cast Iron, Cement-Asbestos, Steel and Reinforced Concrete 
Pressure pipe. Features: 1. Positive automatic feed insures correct drill- 

ing and tapping rate. 2. Travel is automatically terminated when tap is 
completed—cutter and shaft cannot overtravel. 3. Telescopic shaft reduces 
overall length. 4. Mechanism is housed in heat treated Aluminum Case 
filled with lubricant. 5. Stuffing Box and Packing Gland is accessible with- __ 
out disassembling machine. Line pressure cannot enter machine = 


The Smith S-54 Tapping Machine is the most modern, efficient and eco- __ { 


6. Extra large diameter telescopic shaft adds strength and rigidity. Timken 
radial-thrust bearings maintain alignment, reduce friction and wear. 

7. Worm gearing operates in lubricant, torque is reduced to the minimum. 
8. Cutters have replaceable Flat and Semi-V alternate teeth of High Speed - 7 
Steel or Tungsten Carbide. 9. Flexibility: Hand Operated Machines can — 
be converted to Power Operation by interchanging worm gearing. Bulletin 
T54 sent on request. 


- THE A.P. SMITH MFG. CO. 


T ORANGE. NEW- JERSEY 
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USE NORTHERN GRAVEL 


for 


RAPID SAND FILTER 


FILTER SAND SPECIFICATIONS 


carefully laid out. The Effective Sizes and Uniformity Coefficients 
used by Consulting Engineers and also recommended by the Ameri- 
can Water Works Association are the result of long years of research 
and experience. 

The Northern Gravel Company is equipped to give you prompt 
shipment whether it be one bag or many carloads, exact to specifi- 


cation. Filter sand can be furnished with any effective size be- 
tween .35 MM and 1.20 MM. 


CH EMICAL QUALITY of the filter sand is also im- 


portant. It must be hard, not smooth and free of soluble particles. 
This requires perfect washing, and grading facilities. We have every 
modern device for washing, drying, screening and testing. 


Fl LTER GRAVEL supporting the Filter Sand Bed must 


be, in turn, properly graded to sizes calculated to support the Filter 
Sand, and be relatively hard, round and resistant to solution. 


The new Northeast Station in the City of Detroit, recently com- 
pleted, is one of the major projects included in the water depart- 
ment’s expansion program. The Northern Gravel Company fur- 
nished 120 carloads of filtering materials for the 48 rapid sand 
filters incorporated in this plant. 


Northern Gravel has no equal in facilities and our reserves of both 
sand and gravel are inexhaustible. Northern Gravel Company has 
been in business over 40 years. We guarantee uniformity of products 
and our records enable us to duplicate your requirements on short 
notice. Our location is central and we have commodity rates in 
every direction. 


NORTHERN GRAVEL COMPANY 


Muscatine, Iowa 


P.O. Box 307 tits Phone: Amherst 3-2711 
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Pueblo, Colorado 
again purchases 
Allis-Chalmers Equipment 

for increased 


This progressive industrial city of over 100,000 
expects to double its population in less than 30 
years. This growth pattern called for immediate 
increased capacity and plans for future expansion. 
Because Allis-Chalmers pumps have been giving 
long, dependable service with minimum mainte- 
nance, Pueblo specified Allis-Chalmers again. 


ALLIS-CHALMERS 


Public Water Works No. 2, Pueblo, Colorac 

two 12 by 10 SHS pumps, 3500 gpm, 290-ft head, 
driven by 350-hp, 1770-rpm Allis-Chalmers motors 
— and three 12 by 10 SH pumps, 6000 gpm, 290-ft 
head, with 600-hp, 1770-rpm Allis-Chalmers motors. 


Why you get MORE 
pump value when you 
specify Allis-Chalmers 


You draw on Allis-Chalmers wide experience 
in supplying pumps for public works . . . for 
expert engineering and application help. You get 
pumps made of best-quality materials, of heavy 
duty construction, of high-efficiency design. Allis- 
Chalmers is the only company that offers you 
“one source” responsibility, with a complete unit 
— pump, motor and control — all built to work 
together — all built by Allis-Chalmers. 

For MORE information, call your local A-C 
office, or write Allis-Chalmers, General Products 
Division, Milwaukee 1, Wisconsin. 
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mark of 


LOWER 
FIRE INSURANCE 


RATES 


Along the streets of hundreds of U. S. 
villages, towns and cities stand modern 
sentinels of fire protection: M & H fire 
hydrants. Where you see them, too, 
you can be reasonably sure they are the 
mark of lower fire insurance rates. As- 
suming an adequate water supply, an 
efficient distribution system and a fire 
department, M & H hydrants are the 
last of the four principal factors which 
mean good fire protection and lower 
insurance rates. 

An M & H hydrant may long stand 
idle, yet functions perfectly when need- 
ed. Large inside diameter and unob- 
structed waterway gives high flow 
efficiency. Operating parts are bronze 
or bronze bushed. Furnished either UA 
& FM approved or A.W.W.A. speci- 
fication, standard model, traffic model 
or flush type. For complete information, 
address 


VALVE 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA 
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PUMPS solve a water works problem 


Pueblo, Colorado 


again purchases 


Allis-Chalmers Equipment 


for increased 
water capacity 


This progressive industrial city of over 100,000 
expects to double its population in less than 30 
years. This growth pattern called for immediate 
increased capacity and plans for future expansion. 
Because Allis-Chalmers pumps have been giving 
long, dependable service with minimum mainte- 
nance, Pueblo specified Allis-Chalmers again. 


Public Water Works No. 2, Pueblo, Colora: 

two 12 by 10 SHS pumps, 3500 gpm, 290-ft head, 
driven by 350-hp, 1770-rpm Allis-Chalmers motors 
— and three 12 by 10 SH pumps, 6000 gpm, 290-ft 
head, with 600-hp, 1770-rpm Allis-Chalmers motors. 


Why you get MORE 
pump value when you 
specify Allis-Chalmers 


You draw on Allis-Chalmers wide experience 
in supplying pumps for public works . . . for 
expert engineering and application help. You get 
pumps made of best-quality materials, of heavy 
duty construction, of high-efficiency design. Allis- 
Chalmers is the only company that offers you 
“one source” responsibility, with a complete unit 
— pump, motor and control — all built to work 
together — all built by Allis-Chalmers. 

For MORE information, call your local A-C 
office, or write Allis-Chalmers, General Products 
Division, Milwaukee 1, Wisconsin. 
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The mark of 
LOWER 
FIRE INSURANCE 
RATES 


Along the streets of hundreds of U. S. 
villages, towns and cities stand modern 
sentinels of fire protection: M & H fire 
hydrants. Where you see them, too, 
you can be reasonably sure they are the 

mark of lower fire insurance rates. As- 
‘suming an adequate water supply, an 
efficient distribution system and a fire 
department, M & H hydrants are the 
last of the four principal factors which 
mean good fire protection and lower 
insurance rates. 

An M & H hydrant may long stand 
idle, yet functions perfectly when need- 
ed. Large inside diameter and unob- 
structed waterway gives high flow 
efficiency. Operating parts are bronze 
or bronze bushed. Furnished either UA 
& FM approved or A.W.W.A. speci- 
fication, standard model, traffic model 
or flush type. For complete information, 
address 


M:H VALVE 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA 
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Ever Make— 
For — connection You'll ake 
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The ALTITE JOINT has been subjected to a 
series of rigid tests much more severe than are 
encountered under the most extreme installa- 
tion and service conditions in the field. Even 
under extreme conditions, this joint is so 


simple to install—you could hardly go wrong 
if you tried. 


calling Off 2 Log— 


“ur Operations As Simple As 


Insert Rubber gasket 
in bell end of pipe— j amount of special 
you can’t put it in lubricant—this 
— child can reduces friction. 
0 it. 


Wipe on a small 


Insert plain beveled Small amount of 
end of pipe—there pressure required to 
are no grooves, force plain end to 
ridges or tips on bottom of socket— 
gasket to interfere your simple, time 
with smooth J saving joint is 


insertion. , completed. 


SALES OFFICES of efficiency, 
122 South Michigan Ave. 350 5th Avenue f0 and 
Chicago 3, Illinois New York 1, New York conomy 

950 Dierks Buildin i i 
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| 
ALTITE JOINT 
Efficient, Economical and Fool Proof— 
| 
| 
General Offices— ANNISTON, ALABAMA Next Job 
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Butterfly Valves in 
presedimentation 
basin piping of the 
Florence Water Treat- 
ment Plant, Omaha, 
Nebraska. Engineers: 
Burns and McDonnell. 


OMAHA ... Butterfly Valves 
are key to compact piping aw 


This ultra-compactarrangementofthree_ terfly Valve and has installed more of 
60 inch valves could only be made with them than any other manufacturer. 
Butterfly Valves. The illustration shows for yaive design with a 50 year repu- 
the narrow face-to-face dimensions tation for practical imagination, see 
(only 15”) and the compactness of the Henry Pratt. 

valve-operator assemblies. What you 
can't see is equally important! The rug- 
ged internal construction—the rubber 
seat that is never under severe pressure 
from the valve disc, only partially dis- 
placed during closure... fectures that 
mean years of easy operation without 
maintenance problems or costs. 


NEW! Latest, most accu- 
rate pressure drop and 
flow data, conversion 
tables, discussion of 
butterfly valve theory 
and application plus 
other technical in- 
formation. 

Pratt originated the Rubber Seat But- Write for Manual B-2C. 


RUBBER SEAT 


Butterfly \Alves 


Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in principal cities 


= 
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Designed for the future... 
AMERICAN CAST IRON PIPE 


This pipe gallery is in an Air Force Test Center where the 
missiles of tomorrow are designed and developed. Here 
now, is tomorrow's pipe—American Cast Iron Pipe—which 
will still be in service long after the missiles it serves 
today are obsolete. 2 

Rugged, wear-resistant American Cast Iron Pipe has 
been tested by time... proved by long service in literally 
hundreds of public and private installations. No other 
material can match the record for century-long economical 
performance established by cast iron. 

Be guided by the successful experience of others. Select 
American Cast Iron Pipe for your installation. Call your 
nearby American Cast Iron Pipe Company representative for 
helpful pipe facts while your project is in its planning stage. 


SALES OFFICES: New York City « Chicago « Kansas City « Minneapolis « Dallas 
Denver » Orlando « Los Angeles « San Francisco « Pittsburgh « Cleveland 
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CAST IRON PIPE CO... q 
BIRMINGHAM 2, ALABAMA 
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TIME-SAVING COMBINATION 
LEAK DETECTOR-PIPE LOCATOR 


THE M-SCOPE MASTER 
Electronic Witch Combination 


You're looking at the much-talked-about of use and portability, make this instrument 
NEW M-Scope ... the only dual-purpose that one of the most welcome contributions to 


detects leaks and locates pipe. Its rugged, the water works industry. a 
highly efficient electronic circuit, plus ease uee 


LOCATING A LEAK FINDING & LEAK LOCATING 
AT THE VALVE UNDER PAVEMENT A SERVICE 


For greatest convenience and reliability, the built-in battery tester for instant checking 
M-Scope MASTER is equipped with a __ of battery condition in the field or elsewhere. 


ninth WRITE TODAY FOR SPECIFICATIONS AND PRICE! 


PIPELINE EQUIPMENT your next order with POLLARD 


POLLARD NEW HYOE PARK * NEW YORK 
54 Pe sG B orn 


9 
Branch Offices 


PIPE LINE EQUIPMENT 


PIPE LINE EQUIPMENT 
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Here’s How KENNEDY'S Safetop Hydrant 
Saves Maintenance and Repair,gCosts... 


Construction of Safety Fig. 1280 
Breakable Section of YY SAFETOP 
KENNEDY SAFETOP Fire FIRE HYDRANT 


KENNEDY SAFETOP fire hydrants are designed and constructed 
with these outstanding features: Protection against flooding upon 
accidental breakage: maximum supply of water at nozzles avail- 
able from supply main: minimum friction loss from inlet elbow to 
nozzle outlets: positive, complete drainage after operation to pre- 
vent freezing: leakproof valves and gaskets: easy fast inspection 
and renewal of operating parts. 
Both KENNEDY SAFETOP and KENNEDY STANDARD fire hydrants 
are non-flooding compression type and are available in 4”, 442”, 
5 and 6” sizes. See how KENNEDY fire hydrants can save you 
‘time and money. Write today for complete details. 
@ WRITE TODAY FOR COMPLETE DETAILS 


1603 E. WATER ST ELMIRA, NEW YORK 
VALVES PIPE FITTINGS * FIRE HYDRANTS 


© OFFICE AND WAREHOUSES IN NEW YORK, CHICAGO, SAN FRANCISCO, ATLANTA © SALES REPRESENTATIVES IN PRINCIPAL CITIES+ | 


ony 
to repair it When struck a 
pa," impect and broken. 
here's. how the KENNEDY 
Fis OF fire hydrant breaks. 
clean breck ci the Safety 

> table Section means no | 

no loss of water, 

> 
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Like Atlanta, Ga., you too can meet tomorrow’s increased water 
demands with clean water mains. When the coefficient of sections of 
Atlanta’s 45 year old main dropped to a low of 44, Waterworks 
General Manager, Paul Weir ordered National cleaning. Results 
were outstanding. Water pressure and capacity doubled, giving 
better fire protection and higher water pressure to outlying sections. 


Do as other leading cities have done—let National 
cleaning provide for tomorrow’s expansion without 
capital expenditure today! We can prove that Netional 


cleaning is an investment—not an expense. denna 


Write us today! 


TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street * New York, N.Y. f 


ATLANTA 3, GA., 333 Candler Building e BERKELEY, CALIF., 920 Grayson Street @ BOS- 
TON 15, MASS., 115 Peterboro Street e CHARLOTTE, N. C., 533 Hollis Road e CHICAGO, 
ILL., 8 So. Dearborn Street @ DECATUR, GA., P. O. Box 385 @ EL MONTE, CALIF., 
2024 Merced Avenue @ FLANDEAJU, S. D., 315 N. Crescent Street e KANSAS CITY, MO., 
3707 Madison Avenue @ MINNEAPOLIS, MINN., 200 Lumber Exchange Building @e RICH- 
MOND 21, VA., 2910 W. Clay Street @e SALT LAKE CITY, UTAH, 502 West 3rd Street @ 
SIGNAL MOUNTAIN, TENN., 204 Slayton Street @e VILLA PARK, ILL., 424 S. Yale 
Avenue @ MONTREAL, CANADA, 7445 Chester Avenue @ WINNIPEG, MANITOBA, 
576 Wall Street e BOGOTA, COLOMBIA, Apartado de Correos #5 @SAN JUAN 10, 
PUERTO RICO, Manquinaria, A do 2184 @ LIMA, PERU, Bolivar 441-A, Marafi @ 
CARACAS, VENEZUELA, Apartado 561 @e OSLO, NORWAY, Radhusgaten 30. 
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Here’s why Wheeler-Economy Pumps you buy now 


Wheeler’s Pump Test Laboratory 
is one of the largest and 
best-equipped inthe world! 
Every Wheeler-Economy 
Pump must pass exhaus- 
tive tests here before it’s 
shipped to a customer. 


JOURNAL AWWA 


Precision venturi meters and weirs 
are used to accurately 
measure pump perform- 
ance. Typical Circulator 
shown here pumps 46,000 
gallons per minute, weighs 
50 tons when filled. 


V ol. 49, No. 11 


An indoor ocean which holds 
thousands of gallons of wa- 
ter tests performance of 
pumps with capacities of 
from 10 to over 200,000 
gallons per minute, and 
with total heads to 750 ft. 


may still be operating efficiently in 1982! 


This is one of many Wheeler- 
Economy Pumps still oper- 
ating efficiently after 25 
years’ service—without re- 
placement of major parts! 
Thorough testing is one of 
the many good reasons. 


A unique part of our facilities 
is channel model testing— 
scale-model construction 
of complete water intake 
tunnel structures to study 
all flow characteristics 
prior to pump sale. 


Another advantage Wheeler’s 
Test Laboratory offers is 
the more rapid develop- 
mentof new pump designs. 
You can depend onWheeler- 
Economy to be first with 
the newest pumps! 


Economy Pump Division 


19TH & LEHIGH AVENUE 


 C.H. Wheeler Mfg. Co. 


Philadelphia 32, Pennsylvania 


raya 
’ 7 Centrifugal, Axial and Mixed Flow Pumps » Steam Condensers » Vacuum Equipment + Marine Auxiliary Machinery « Nuclear Products, 


einforced 


LOC: 


T-Lock Amer-Plate 
liner provides 
unequaled protection 
against corrosive 
acids, salts and 
alkalies and has 
proved to be 
impervious to high 
concentrations of 
hydrogen sulfide 
sewer gas. 


orotection 


The criterion by which a product is inevitably 
judged is its acceptance by the consumer. The 
Los Angeles Board of Public Works has awarded 
contracts for Precast Reinforced Concrete Pipe, 
protected by T-Lock Amer-Plate, for their large 
diameter main trunk sewer installations. Thus, 
this community can be assured of trouble free 
service, economical maintenance and maximum 


life in these lines. a 


durability in Precast Reinforced Concrete Pipe 
plus the added proven protection afforded by 
corrosion resistant T-Lock Amer-Plate are a sure 
guarantee of permanence and economy. 


The long recognized qualities of strength and : 


The Precast Reinforced Concrete Pipe shown 
being installed here hes been poured with the 
tough, non-porous vinyl plastic liner, T-Lock 
Amer-Plate. In the manufacturing process the 
Amer-Plate is wrapped around the inner form 
so that when the concrete wall is poured the 
T-shaped flanges are locked into the pipe 
wall. An unbroken, smooth lining is established 
ry simply by heat-welding the material to 
elf at the pipe joints. 


“Our Fiftieth Year” 


PIPE AND CONSTR 


Mail address: 

Box 3428 Terminal Annex 

Los Angeles 54, Calif. 

Main office and 

4635 Firestone ., South Gate, Calif. 
Phone LOrain 4-2511 

District sales offices and | 
Hayward and San Diego, Calif 

Portiand, Ore.; Phoenix, Ariz. 

District sales representatives: 
Seattie and Spokane, Wash. 
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Steel water pipe with smooth, 
spun lining of Bitumastic En- 
arnel. Whitewash protects ends 
against exposure to sunlight. 


FLOW COEFFICIENT=155 


The ebony-like finish on the inside sur- 
face of the steel water pipe shown 
above is a typical spun lining of Bitu- 
mastic 70-B AWWA Enamel. This type 
of lining has been tested and proved to 
have the highest flow coefficient avail- 
able today. 

That’s one reason why steel pipe, 
lined with Bitumastic 70-B AWWA 
Enamel is such a good investment for 


water lines. Delivery stays high, too, 
year after year, since this enamel pro- 
vides the best protection against tuber- 
culation and incrustation known today. 

Investigate steel water pipe—lined 
and coated with Bitumastic 70-B 
AWWA Enamel—for your next water- 
supply project. 

Koppers Company, Inc., Tar Prod- 
ucts Division, Pittsburgh 19, Pa. 
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ONLY KOPPERS MAKES 


BITUMASTIC — 


REG. S$. PAT. OFF. 
70-B ENAMEL 
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Standpipe 
Built With 
Special Design 
And 
Painting 


Scheme 


Hinsdale, Illinois, Increases Water Storage 


With 2,000,000-Gallon Horton Standpipe 


A water shortage was overcome in the constantly expanding com- 
munity of Hinsdale, Illinois, as a result of an expansion program in- 
cluding the erection of a Horton Standpipe, with a capacity of 2,000,000- 
gallons. The standpipe has a diameter of 60 feet, a height of 994 feet to 
the overflow pipe. Special consideration was given to the aesthetic 
appearance of the structure. The shell was painted pea green, the ribs 
a forest green for contrast and the set backs and roof a cloud grey to 
blend into the sky. : 


Write to our nearest office for an estimate or information. 


CHICAGO BRIDGE & IRON COMPANY 


Plants in Birmingham, Chicago, New Castle, Del., Salt Lake City and Greenville, Pa. 
ATLANTA CLEVELAND NEW YORK SAN FRANCISCO 
BIRMINGHAM DETROIT PHILADELPHIA SEATTLE 
BOSTON HOUSTON PITTSBURGH SOUTH PASADENA 
CHICAGO NEW ORLEANS SALT LAKE CITY TULSA 


In Canada—HORTON STEEL WORKS, LIMITED, FORT ERIE, ONT. 
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r new facilities, include W & T Equi 
nators and Dry Chemical Feeder 


", .. this is where we plan to put 


the W&T Dry Chemical Feeders.” 


When you plan your new plant or the expansion of your present one, 
be sure to plan a place for W&T Dry Chemical Feeders as well as 
Chlorinators. W &T Feeders are used for every type of dry feeding 
problem found in water and sewage treatment plants. 


W &T makes both volumetric (volume measurement) and gravi- 
metric (weight measurement) feeders. There is a feeder for any size 
job, from small equipment to measure out ounces, to accurate giants 
capable of handling thousands of pounds per minute. 

To find out more about W & T Dry Chemical Feeders, write for bul- 
letin S-124. Or let us know the type of feeder problem you have, so we 
may send publications describing the W & T equipment best suited for 
your job. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
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__ Telemetering and Remote Control by the 


Long Island Water Corporation 


o 


Samuel C. McLendon and Michael Zihal 


4 ma presented on May 13, 1957, at the Annual Conference, Atlantic 
City, N.J., by Samuel C. McLendon, Partner, H. G. Holzmacher & 
_ Assoc., Hicksville, L.I., and Michael Zihal, Head, Eng. Dept., Long 


Island Water Corp., Lynbrook, N.Y. 


HE 44-sq mile service area sup- 

plied by the Long Island Water 
Corporation was among the fastest 
growing areas in the country during 
the years 1947-55. This area, immedi- 
ately adjacent to New York City on 
the south shore of Long Island, has 
frequently been referred to as the bed- 
room of New York City. High peak 
load ratios are attributed to characteris- 
tically high residential demands, severe 
lawn sprinkling demands, and added 
peak load demands of a sizable influx 
of summer vacationers. 

As shown in Fig. 1, from 1945 to 
1955 the number of customers in- 
creased 78 per cent, the average daily 
pumpage increased 135 per cent, the 
maximum day increased 193 per cent, 
and the maximum hourly rate increased 
170 per cent. The number of custom- 
ers is computed from beginning and 
end of the year averages and does not 


include more than 1,000 seasonal cus- 
tomers nor more than 600 automatic 


lawn sprinkler installations. wae 


All of the supply is obtained from 
wells ranging in depth from 20 to 1,100 
ft and in capacity from 50 to 1,600 gpm. 
The shallower depths and lower capaci- 
ties are for older wells on a suction 
system which have or are being rele- 
gated to standby or reserve use. The 
well capacity is dispersed through por- 
tions of the territory at sixteen of the 
eighteen stations and can deliver a 
daily rate of about 55 mgd. About 4 
of the well capacity is equipped with 
high-head pumps, delivering directly to 
the system. Water treatment consists 
of chlorination of all supplies—some- 
times for oxidation of hydrogen sulfide, 
but usually for precautionary reasons; 
corrosion control by the addition of 


Supply and Treatment 


© 
an 


lime at all plants; iron removal at two 
_- the plants; and metaphosphate ap- 
= at a few plants to sequester 


smaller amounts of troublesome iron. 
Distribution 

Pumped ground level storage of 11.7 
mil gal and 0.5 mil gal of elevated stor- 
age are available to supply varying peak 
hourly load demands to about 110 mgd. 
Sixty per cent of the ground storage 
is designed to operate as “double- 
pumped” storage, filled from the sys- 
tem during off-peak hours and pumped 
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within New York City. With the ex- 
ception of the oldest supply at the main 
plant, and a new restricted-use installa- 
tion to supply an island resort area, 
all of the well capacity is located in the 
northern third of the system. This is 
made necessary by the potential danger 
of salt water intrusion, which has oc- 
curred to varying degrees in some 
coastal areas of Long Island. Conse- 
quently, the general scheme of plan- 
ning in the past several years was to 
install well capacity in the northern 
part of the area to supply that area’s 
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Maximum Hour Pumpage — mgd 


Maximum Day Pumpage — mil gal 


Customers Annual Average — thousands 


1944 1945 1946 1947 1948 


3. 


1949 1950 1951 
Relation of Pumpage and Number of Customers 


6 
1952 1953 1954 1955 1956 1957 


Curve A is for maximum hour; B represents number of customers; C, maximum day 
pumpage; and D, average day. 


to the system during peak loads. Addi- 
tional pumping costs are small, how- 
ever, because this double-pumped stor- 
_ age is needed only a few days each 
- summer and is only about 1 per cent 
of the total annual pumpage. With 
only a minute amount of elevated stor- 
age, which was erected in one section 
‘many years ago, the system is basically 
closed one. 

largest mains—24 in—extend 
to the edge of the system because be- 
fore 1931 the company supplied a siza- 


peak hour requirement and to supply 
the entire system’s maximum daily re- 
quirement. The ability to obtain dis- 
persed sources of supply makes pos- 
sible transmission lines smaller than 
if sources were concentrated at fewer 
sites. This dispersion, however, pre- 
sented problems of manpower in ob- 
taining maximum operating efficiency. 

Before 1949, all supply was obtained 
from five plants, which included the 
main plant—a 24-hr plant that sup- 
plied about 70 per cent of the supply— 


area beyond present limits and 


and had no significant automatic con- 
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trols. Today, the main plant supplies 
about only 30 per cent of the supply, 
even after expansion and modernization 
(conversion from steam to _ diesel 
power). The other stations employed 
standard pressure-operated switches 
with thermal-type surge protection 
time-delay relays for automatic opera- 
tion of the pumping units. 


Automatic Controls 


The first additional large plant was 
installed in 1949-50 and consisted of 
two wells, a ground level storage reser- 
voir, and high-service pumps. The 
wells are automatically operated from 
pressure switches actuated by reservoir 
level. The high-service pumps, used 
to pump from the tank to the system, 
are equipped with a six-step, closed- 
system type, pressure-operated control 
unit with built-in adjustable time delay 
relays to minimize pressure surges 
when changing pump combinations. 


Reservoir level, rate of flow to system, 
and system pressure are telemetered to 


and recorded at the main plant. Re- 
mote operation to advance the control 
unit is transmitted from the main plant. 
The three telemetered functions utilize 
impulse-duration type instruments and 
the four signals are transmitted over 
one pair of standard leased telephone 
wires by using a-c and d-c current over 
each wire and using ground for return. 

Similar transmission systems were 
installed in 1951 and 1952 at two new 
plants, both of which consisted of a 
ground level reservoir and _ booster 
pumps, but no wells. One of these 
systems was identical to that described 
except that the remote control function 
was used for remote valve positioning 
to vary rate of flow from the system to 
the reservoir and the flow rate to or 
from the system was the telemetered 
flow. Identification of flow direction 
was done automatically at the local sta- 


tion. The other system installed re- 
quired an extra pair of telephone wires 
because, in addition to the three re- 
corded telemetered functions and re- 
mote valve operation, remote operation 
of three diesel engines was provided. 
Of interest too, are two features of local 
control of the diesels. In addition to 
the usual safety cutout devices, each 
engine throttle was equipped with a 
low voltage reversible motor which, by 
means of time-delay relays, allowed 
each engine an idling warm-up period 
and an idling period before stopping. 
The engine speed, and consequently 
line or system pressure, may also be 
regulated by pressure switches, al- 
though because of subsequent plant 
additions, it is doubtful if this control 
will be needed in the future. 

Because of continued rapid growth, 
backlog of supply deficiencies, and in- 
creased per capita use, new stations 
continued to be installed as rapidly as 
the engineering forces of the company 
could properly plan, design, and super- 
vise them. By 1955, sixteen plants 
were in service, additions and improve- 
ments were made to older plants, and 
the installed supply, storage, and pump- 
ing capacity had been more than dou- 
bled from 1951, more than tripled from 
1947. Two additional stations were 
under construction and a third under 
design. Most of the new well type sta- 
tions were equipped with improved 
models of pressure switch automatic 
controls. Most were multiple installa- 
tions provided with electrical interlocks 
to permit only the next pump in the 
prearranged sequence to start. In the 
interim, many of the well units were 
equipped with automatic blowoff 
valves. These automatic blowoffs are 
installed upstream of the discharge 
check valves and each well is automati- 
cally pumped to waste for a predeter- 
mined time when started and before 
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units start or stop. 
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being stopped. This allows all air from 
the pump column and discolored water, 
if any, to go to waste and also mini- 
mizes system pressure surges when 
In 1955, two of the older plants and 
one new plant were equipped with tele- 


metering and remote control equip- 


ment. 


These were the first installa- 
tions in this system which utilized audio 
tone transmission signals. This sys- 
tem was selected because: [1] existing 
telemetric equipment remained un- 
affected; [2] the need was becoming 
‘more acute for system-wide telemeter- 
ing and remote control; [3] long dis- 
tances would result in high costs for 
multiple leased lines; and [4] these 
installations would provide experience 
in planning for the future. 

The older plants were equipped with 


telemetering equipment—for transmit- 
_ ting system pressure from those plants 


and recording it at the main plant—and 


with remote override of local automatic 


controls. The new plant was a ground 


_ storage, booster pump type station con- 


sisting of two 0.75-mil gal prestressed 
concrete tanks and three booster pumps 
with a total capacity of 7.4 mgd. 

_ Tank level, rate and direction of flow, 
and system pressure are telemetered 
in 


duration telemetering equipment 


conjunction with the tone-transmis- 


sion equipment. Remote control from 
the main plant includes override of 
the pump control unit (a multipump 
pressure switch) to increase or de- 
crease remotely the number of pumping 
units operating. Remote control of 
back pressure and rate of filling of the 
storage reservoirs is accomplished by 
remotely operating a reversible motor— 
forward or reverse—to change the cali- 


bration of setting of a hydraulic con- 
troller, which in turn positions a hy- 
draulically operated butterfly valve in 
the backflow or fill-storage bypass con- 
nection between pump suction and dis- 
charge piping. Local controls prevent 
backflow when pumps are operating. 


Telemetering Considerations 


Before making a decision, in 1956, 
to proceed with the installation of 
system-wide telemetering and remote 
control, time clocks and other local 
automatic devices were considered, but 
with extreme and unpredictable vari- 
able demands none offered a system- 
wide scheme of operation which, with 
remote control, could be manipulated 
by the operator at the main plant. It 
was conservatively estimated that on 
the maximum day at least one well 
plant, at a cost of at least $100,000, 
could be offset by the installation of 
remote control equipment for the re- 
maining eleven local automatically 
controlled plants. This equipment, in- 
stalled, was estimated to cost not more 
than $25,000. In addition, planned 
selection of units could reduce electrical 
demand and energy costs and in some 
instances provide a slightly better qual- 
ity of water. The basic remote control 
scheme planned was to maintain local 
automatic control devices but relegate 
them to a secondary role in the event 
of failure of remote control signal or of 
operating personnel. Hence, the re- 
mote control signals were required to 
be of short duration rather than con- 
tinuous and to fail in a “safe” or “off” 
position in event of power failure. In 
order to provide the central operator 
with information on pressures from all 
parts of the system to enable him to 
follow procedural instructions, it was 
decided to have pressures from each 
plant continuously transmitted and re- 


ra 
? 
i 
i 
-3 


Nov. 1957 


corded. Continuous transmission was 
desirable to provide better indication 
of the execution of the pump start or 
stop signals, because pressure vari- 
ations were greatest at the signaled sta- 
tion. Transmission of rates of flow 
from all wells would have added con- 
siderably to the cost, and was not justi- 
fied at the time. Recording of the 
pressure was desirable because it pro- 
vided the operator and _ supervisory 
personnel with trends throughout the 
system. A system which could be ex- 
panded or changed easily was highly 
desirable because future plant addi- 
tions and changes were indicated. 


Plans 


Studies were made of the eleven 
locally controlled stations. Their loca- 
tion was considered with respect to 
each other and to other stations and 
with regard to multiple transmission 
(multiplexing ) equipment costs as op- 
posed to leased telephone line costs. It 
was decided to: [1] arrange the eleven 
stations and two other stations, already 
equipped, on three transmission circuits 
even though two would be adequate 
for present requirements; [2] utilize 
over each circuit continuous and simul- 
taneous audio tone type transmissions ; 
[3] utilize time impulse-duration type 
instruments for telemetered pressure 
measurements and recordings; and [4] 
instail a panel of controls at the main 
plant and receiving and controlling re- 
lays at the outlying stations. 

Just before ordering this equipment 
attention was directed to the availabil- 
ity of a d-c pulse system which seemed 
to offer economy if usable for the re- 
quired remote control functions. After 
observing demonstrations of this equip- 
ment, it was decided to try it, par- 
ticularly since, if it were found incom- 
patible with the audio tone system, it 
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could be used on another project 
planned at the main plant where small 
wells were dispersed over 180 acres. 
The economic advantage of this change 
was substantial and will become greater 
as additional control functions or sig- 
nals are required. 


Audio Tone System | 


The two types of equipment were 
ordered and application was made to 
the telephone company for three cir- 
cuits of voice quality leased telephone 
lines, each circuit to be capable of 
transmitting signals of both systems 
simultaneously. The audio tone system 
employs a-c voltage signals in the audio 
or hearing range and was used for con- 
tinuous telemetering of plant delivery 
pressures. The most common range of 
frequencies transmitted by this type 
system is 300-2,700 cycles per second. 
Companion equipment at the transmit- 
ting and receiving ends is tuned at a 
particular frequency—usually 100 cy- 
cles per second apart from other equip- 
ment used for another function. Fre- 
quency multiplexing is the general term 
applied to the transmission of many 
audio frequencies by a single medium, 
whether it be telephone line, micro- 
wave, or other. The audio tone trans- 
mitter consists of an oscillator, which 
is fixed, tuned, and sealed to generate 
a particular frequency. This tone of 
frequency is constantly generated and 
amplified as long as power is on the 
equipment. It is applied or keyed to 
the telephone lines by the conventional 
impulse-duration type  telemetering 
transmitter, with the length of time the 
tone is applied relative to the magni- 
tude of the measured function, such as 
pressure in this example. The audio 
tone receiver uses a filter designed to 
pass only a certain frequency band— 
that which would correspond to the 


| 


1376 

companion transmitter frequency. This 
signal is then amplified, rectified, and 
passed along to the conventional 
impulse-duration type telemetering re- 
ceiver where duration of the tone is 
reconverted to a measured function 
and (in this instance) recorded on a 
pressure chart. Where tones are used 
for control functions such as starting 

( Pressure Transmitting Unit 


7 


Tone Sending 
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50 V d-c Pulse 
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stations ; or in free-standing panels in- 
corporating conventional telemetering 
transmitters and receivers, as was done 
at one of the plants. The audio tone 
equipment * features plug-in type tone 
transmitters and receivers which, to- 
gether with a plug-in type tester, aid 
considerably in maintenance of the 
equipment. Tone channels may be 
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Fig. 2. Typical Telemetering and Remote Control Arrangement 


Diagram is schematic of functions for one outlying plant of the Long Island Water 
Corporation. 


or stopping pumps, operating valves, 
and others, pushbuttons are used to 
key the tone on the transmitting end 
and relays are energized via the tone 
receiver on the receiving end. 

The number of audio tone channels 
is usually limited to about 25 per circuit 
but varies with distance and size of 
leased lines. The tone equipment may 
be installed on open racks as was done 
at the main plant; in wall-mounted en- 
closures, as was done at most outlying 


added on each circuit merely by adding 
equipment. 


Remote Control—D-C Pulse System 


The remote control system for the 
eleven plants consists of one transmit- 
ting unit at the main plant and eleven 
receiving units, one in each of the 
eleven plants. The transmitter, which 


* Supplied by the Hammarlund Mfg. Co., 
New York, N.Y. 
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generates 30- to 75-v d-c pulses, con- 
tains three separate channels or cir- 
cuits, each equipped with two ten- 
position telephone dials. One dial 
transmits positive d-c pulses, the other 
negative. These coded pulses, origi- 
nated by dialing the pump operation 
desired, are transmitted at the rate 
of ten pulses per second and are re- 
ceived at the outlying plants by polar- 
ized relays which, in turn, operate 
telephone type stepping switches or 
pulse-counting units. The received 
signal operates, through relays, the 
appropriate start or stop circuit of the 
outlying pressure switch. Since the 
desired remote control was to momen- 
tarily override the local pressure switch 
operation, two functions were required 
for each pump. The cost for extra 
functions was small compared to the 
trouble visualized if telephone line 
continuity were interrupted and all 
plants on that circuit thereby stopped. 
Of the ten positions on each dial the 
first two digits are not equipped for 
operation in order to prevent false sig- 
nals from static-electric flashes (light- 
ning). Each operating dial position is 
equipped with a pilot light which 
serves as a memory circuit for the main 
plant operator, telling him which pump 
operation signals have been dialed. He 
must watch his pressure recorders to 
ascertain the execution of the operation. 
This d-c pulse equipment,* though pri- 
marily designed for operation with its 
own conductors, may be superimposed 
on other systems if proper isolating 
equipment is provided. 

A schematic wiring diagram of the 
functions involved to and from one out- 
lying plant is shown in Fig. 2. 


* Supplied by Taller & Cooper, Brooklyn, 


AUTOMATION ON LONG ISLAND 


Systemwide Installation 


The tone and telemetering equipment 
was installed and began operation in 
the fall of 1956. The remote control 
equipment was installed about the same 
time but did not go into permanent 
operation until February 1957. The 
d-c pulse signals interfered with the 
tone receivers because of the low im- 
pedance of the tone equipment. Since 
the installation of choke coils between 
the pulse transmitters and each tele- 
phone circuit, all equipment has oper- 
ated satisfactorily. 

No equipment is expected to be en- 
tirely trouble free, but it is too early to 
evaluate the maintenance required on 
this new equipment. A log is kept for 
all repairs and adjustments required on 
telemetering and remote control equip- 
ment for future evaluation and it is 
believed that maintenance of all this 
equipment will not be as great as that 
which would have been required for 
the additional plant which it, in effect, 
replaces. 


Summary 


Selection of automatic, telemetering, 
and remote control equipment must be 
individually planned for each water 
system or portion of a system in ac- 
cordance with its needs. Many opera- 
tions can be performed more reliably 
with automatic devices than with man- 
ual attendance—although for other op- 
erations the reverse is true. At the 
Long Island Water Corporation, the 
combined use of local automatic con- 
trol, information telemetered from out- 
lying unattended plants to a central 
point, and centralized supervisory or 
remote control override of local auto- 
matic control has already resulted and 
undoubtedly will continue to result in 
further improved service at reduced 
costs to its customers. 
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erry of sales, Omega Machine Company, Division of B-I-F Industries, Inc., 


Providence, R.I. 


VER the past two or three dec- 
ades, remote-control and auto- 
matic chemical proportioning systems 
have become an important considera- 
tion in the design and construction of 
water treatment plants. Many systems 
have been attempted, but only a few 
have survived the test of time. 
Because it is not possible to list all 
of the known methods of automatic 
control in the space permitted an at- 
tempt is here made to define and de- 
scribe the various automatic propor- 
tioning and remote-control systems 
currently used in water works. 
Because any form of automatic or 
remote control requires additional 
equipment and expense, good engineer- 
ing demands that it contribute mate- 
rially to the performance of the par- 
ticular plant or process; otherwise the 
additional expenditure for equipment 
cannot be justified. 
Automatic proportioning or remote- 
control systems are desirable if they: 
1. Provide better control of the 
process 
2. Free manpower for other duties 
3. Prevent waste or, in other words, 
contribute to more efficient use of 
chemicals 
4. Contribute to safety (personal or 
public) 
Increase production 
. Make service more reliable. 


Definitions 


The terms automatic proportioning, 
automatic control, or remote control 
are sometimes used rather loosely in 
the water works industry. For this 
reason, it is necessary to give careful 
consideration to the type of system 
used or the results obtained will be 
somewhat less than satisfactory. 

The dictionary defines automatic 
control as “. .. that which has an 
inherent power of action to keep within 
limits.” Each control ‘system de- 
scribed conforms to this definition in 
varying degrees. No single system is 
satisfactory for all plants and, although 
names of systems vary with manufac- 
turers, basic principles do not. No 
system can be recommended without 
consideration of plant requirements. 


Remote Control 


The simplest form of automation of 
chemical feeders is, perhaps, remote 
control or, probably better named, re- 
mote rate setting. 

The systems shown in Fig. 1, 2, and 
3 are used when it is necessary to set 
the chemical dosage rate for a group 
of feeders from a single control station. 

There is no direct pacing or control 
loop from any instrument. Systems 
are used principally to localize control 
of equipment and they usually save 
manpower and contribute to more ef- 
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ficient operation because dosage adjust- 
ments are easily made from a central 
location. They are particularly valu- 
able in a large plant where equipment 
is installed over a wide area. 

Figure 1 shows an electric, remote 
rate-setting system which consists of 
a chemical feeder, a remote self- 
synchronizing motor, a_ transmitter, 
and a self-synchronizing receiver con- 
nected to the rate-setting handwheel of 
a variable-speed transmission. 

It is the most accurate form of re- 
mote rate setting, because it is geared 
in such a manner that 100 turns of the 
handwheel on the control panel are 


y 


elements. The rate-setter panel is a 
high-grade pressure regulator and pres- 
sure gage. 

If gravimetric feeders are used and 
close feeding accuracy (+ 1 per cent) 
is required, it is desirable to provide 
remote recorders for the feeder. Re- 
corders are particularly worth while 
if the feeding range is more than 5:1. 

A remote-control system using a 
variable-speed motor (Fig. 3) is some- 
times used because it is easy to substi- 
tute a variable-speed motor for a stand- 
ard one. 

This system is subject to accuracy 
and range limitations because most 
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Fig. 1. Electric Remote Rate Setting System 


needed to adjust the variable-speed 
transmission from zero to maximum 
rate. Indications are very precise and 
can be made to read directly in pounds 
or gallons per hour. 

The addition of remote recorders is 
sometimes desirable with this system, 
but is not essential because of its range 
and inherent accuracy. 

The system shown in Fig. 2 uses a 
chemical feeder (dry or liquid type), 
a pneumatically positioned variable- 
speed transmission device, and a pneu- 
matic rate-setting panel. The range 
and accuracy of this pneumatic remote 
rate-setting system is limited to the re- 
peatability and readability of pneumatic 


variable-speed motors do not have good 
speed regulation at a range of more 
than 5:1, and show a repeatability 
error of 3-5 per cent. 

Addition of a feedback generator im- 
proves the performance considerably 
but will not eliminate errors due to 
coarsely calibrated rate-setting poten- 
tiometers. There are a limited number 
of these in use in the water works 
industry. 


Automatic Control 


The most important form of automa- 
tion to be considered is automatic con- 
trol of chemical feeders. This general 
category embraces a number of pacing 
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and control systems. It should be 
noted that the term automatic control 
does not always mean a system with a 
complete control loop; a completely 
automatic control system must include: 
1, A metering or measuring unit 
(venturi meter, pH meter, or weigher ) 
2. A controller (mechanical, electri- 
cal, or pneumatic ) 
3. A variable valve or feeder. 
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trol of pH and noe whee to the 
physical layout of a plant in that equip- 
ment must be arranged for minimum 
lag time. 

Many plants cannot use this system 
because of distance between various 
components and the duration and mag- 
nitude of process upset. 

The principal elements of the system 
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Fig. 2. Pneumatic Remote Rate Setting 
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a = is Fig. 3. Remote Control System With Variable Speed Motor 


A completely automatic control sys- 
tem must include a report-back device 
connected to the controller. 

In Fig. 4 a completely automatic con- 
trol system is shown. Such systems 
which give proportional control by 
using a pH electrode and pneumatic 
controller are used for automatic con- 


1. A pH electrode 

2. An amplifier 

3. A pneumatic controller 

4. A variable-rate chemical feeder. 

In Fig. 4 the pH of the water flowing 
through the treatment tank is measured 
by the electrode, the signal is amplified 
in the amplifier, and the controller com- 
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pares the electric signal to the setting 
in the controller. If the signal varies 
from the set value, a pneumatic signal 
is sent to the chemical feeder to feed 
more or less lime to correct the pH 
of the water being treated. The chemi- 
cal feeder may be either a liquid or 


The sy stem illustrated in Fig. 5 is 
similar to that in Fig. 4 in that it con- 
tains all the elements of a completely 
automatic control system. The princi- 


Jour. AWWA 
characteristics of the process. Instru- 
ment manufacturers can determine in 
advance the limits of performance of 
the system. 

The signal to control the dry- 
chemical feeder is an electric impulse 
of variable duration. The feeder oper- 
ates for a variable portion of a 15-sec 
period as required by the controller. 

Equipment is simple, less expensive, 
and gives smooth performance if the 
installation requirements can be met. 
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Fig. 6. Proportional Pacing With Intermittent Control 


pal difference lies in the controller 
which is equipped for proportional ac- 
tion only. This means that the con- 
troller will maintain the set pH value 
within a specified tolerance. For in- 
stance, if the controller is set at pH 
7, the pH value of water being treated 
may vary from 68 to 7.2. 

The band width is determined by the 
equipment arrangement and by the 


Automatic Proportional Pacing 


The majority of water plants using 
any form of automatic control use auto- 
matic proportional pacing. All of these 
systems differ from the true automatic 
control system illustrated in Fig. 3 and 
4 in that they do not have a report-back 
of the end result of the chemical re- 
action. Instead, a signal is generated 
by a primary metering device (me- 
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chanical, electrical, or pneumatic) and 
the chemical feeders are arranged to 
follow or pace the primary device. 

The majority of these systems use 
some form of an intermittent electric 
time signal to start and stop the chemi- 
cal feeders so that the running time of 
the feeders is proportional to the rate 
of flow through the primary device. 

Other systems are arranged to 
change the speed or feed rate of a con- 
tinuously operating chemical feeder. 
The latter system is more complex, 
more expensive, and requires more de- 
tailed engineering to insure a satisfac- 
tory proportioning system. 

One of the earliest attempts to pace 
feeders automatically consisted in con- 
necting the electric motor circuits in 
the chemical feeders and water pumps 
in parallel, to be actuated by a float 
switch in a tank (Fig. 6). This pro- 
portional pacing with intermittent con- 
trol is a very simple system and there 

re many in use today. 

The control equipment consists of a 
float switch suitable motor- 
starting equipment. These systems are 
accepted as routine today, and it is hard 
to believe that they were quite an inno- 
vation in the not-too-distant past. 

There are many forms of this type 
of pacing in which pressure, float, or 
temperature switches are used. 


Step Control 7 


A more complex variation of this 
type of control is the step or multirate 
control illustrated in Fig. 7. In this 
case, one, two, or three pumps are auto- 
matically started in a selected sequence 
in response to signals generated by 
float, flow, or pressure switches. A 
relay system is provided to actuate 
valves which cause the chlorine feeder 
to operate automatically and in propor- 
tion to the flow based on the number 
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and selection of pumps. Similar sys- 


tems have been built to pace liquid and 
dry feeders. 


Time-Duration Impulse 


The earliest and most widely used 
proportional-pacing system called pro- 
portional time-duration impulse is illus- 
trated in Fig. 8 

This system * consists of the follow- 
ing principal pieces of equipment: 

1. A venturi meter or similar differ- 
ential producer 

2. A transmitter 
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Fig. 7. Step Control of Chlorine Feeder 


3. A chemical feeder with drive suit- 
able for frequent starting and stopping 

4. A relay and electric motor con- 
trol equipment. 

Water flowing through a venturi 
tube or a similar differential producer 
actuates a transmitter to energize the 
chemical feeder motor or drive circuit, 
for a variable part of each 15-sec pe- 


* The system illustrated is the Chronoflo 
system, a product of Builders-Providence, 
Inc., division of B-I-F Industries Inc., Provi- 
dence, R.I. 
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riod. A change in the flow rate 


through the differential producer re- 
sults in a proportional change in the 


duration of the electric signal sent to 
the chemical feeder; thus, the running 


_ time of the feeder is proportional to the 


PAUL A. COFFMAN JR. 


Jour. AWWA 


small time-delay relay is inserted in the 
circuit to nullify the coasting effect. 
Intermittent operation of the feeder 
does not affect the treatment process 
because the signals are so close to- 
gether—every 15 sec—that the capac- 
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Fig. 8. Proportional Pacing Using Proportional Time 
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Fig. 9. Momentary-Contact System of Proportional Pacing 


flow of water through the system. A 
secondary adjustment must be provided 


on the chemical feeder for chemical 


dosage adjustment. 

If ‘the feeder drive has objectionable 
coasting characteristics, and the system 
‘operates over a wide feeding range, a 


ity of the dissolving chambers and 
treatment tanks evens the flow of 
chemical. 


Momentary Contact pore 


Another type of pacing system in 
current use is known as the momentary- 
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contact type. It is also called a time- 
delay control system. This system is 
used primarily with integrating type 
meters. 

Figure 9 shows a universal feeder 
arranged for automatic proportional 
pacing from a propeller type meter 
with an electric contactor in its head. 

The contactor is geared to make a 
momentary contact for a specified num- 
ber of gallons passing through the 
meter. The momentary contact ener- 
gizes the control circuit for the period 
for which it is set. In most cases this 
period is 15 sec. The belt shifter and 
solenoid valve, energized by the control 


Hand Off-Automatic 


means of a belt shifter and a pair of 
drive and idler pulleys. 

If the process has at least 15-min re- 
tention in the system, such as in a large 
mixing or coagulating basin, then a 
60-sec or longer running time may be 
used, and a three-phase motor with 
magnetic starter may be substituted for 
the belt shifter and pulleys. 


Pneumatic Instrumentation 


Increasing use of pneumatic instru- 
mentation has made possible continuous 
proportional pacing systems as illus- 
trated in Fig. 10. Equipment for such 
an installation consists of: 
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Fig. 10. 


circuit, cause the feeder and water 
supply to operate for 15 sec and then 
stop. 

Thus, the feeder and water supply 
operate for 15 sec each time the meter 
contactor makes a momentary contact. 
At 100 per cent meter flow, the feeder 
operates 15 sec and is immediately re- 
energized; at 50 per cent meter flow, 
the feeder is on 15 sec and off 15 sec, 
and so on. 

The motor runs continuously because 
the feeder is started and stopped by 


inlet 


Dosage Adjustment 
Transmitter 


Proportional Pacing With Pneumatic Transmitter , 


1. A differential producer—a _ ven- 
turi tube, for example 

2. A pneumatic transmitter with an 
output of 3-15 psi, proportional to the 
flow through the differential producer 

3. A dosage adjustment transmitter 

4. A chemical feeder, liquid or dry, 
with pneumatically positioned variable- 
speed drive. 

The flow of water through the ven- 
turi tube actuates the pneumatic trans- 
mitter to produce a variable air pres- 
of 3-15 psig, proportional 
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system increases as the chemical feeder 
range increases. 


to the water flow through the tube. 
This air pressure is linked to a dosage 
adjustment transmitter. 

A ratio adjustment in the dosage 
transmitter enables the operator to 
change the chemical dosage rate. The 
retransmitted signal is sent to the pneu- 
matic positioner on the chemical feeder 
(gas, liquid, or dry type). The output 
of the chemical feeder will continuously 
_ follow or pace the water flow rate. 

Continuous pacing systems perform 
very satisfactorily on a limited-range 
proportioning system. The range of 
chemical feed (range of water flow 
times the range of chemical dosage) 
must be less than 10:1 unless special 
provisions are made for calibration or 
for occasional gear changes on the 
feeder or meter. 

This limitation is due to the effect 
of cascading a group of linear instru- 
ment functions, all of which have de- 
creasing accuracy as the feed rate de- 
creases. The possible error of such a 
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Summary 


The foregoing illustrations represent 
the automation systems in most com- 
mon use today. There are many other 
systems less widely used, and new ones 
are being developed. 

Automatic proportional pacing and 
remote control are accepted practice in 
the water works field and automatic 
pH control systems are being used in 
increasing numbers. A few installa- 
tions have been made using turbidity 
meters to pace chemical feeders. More 
will be built in the near future. 

Automatic control of all chemicals 
used in water plants is possible and is 
rapidly becoming standard procedure. 
The present status of automation in 
water plants points to the completely 
automatic plant of the future. Auto- 
mation of chemical feeding and han- 
dling is keeping pace with the industry. 
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Tacoma, Wash., 
couver, Wash. 


HE Vancouver, Wash., utilities de- 

partment serves approximately 20 
sq miles which has a population of 
52,000 and about 15,000 services. 
Water is pumped from fourteen deep 
well turbine pumps grouped in three 
locations within the city. The wells 
deliver % of the supply; the rest comes 
from gravity sources at Ellsworth 
Springs, 5 miles east of Vancouver. 
Fifteen booster pumps are used to raise 
the water from ground reservoirs to 
elevated storage. Four ground level 
reservoirs and four elevated tanks for 
water storage have a total capacity of 
16,128,000 gal. Because of the wide 
dispersion of the pumps and reservoirs 
and to save on manpower, a complete 
automatic control system has been 


installed. 
Automatic Control System al 


The system which requires no elec- 
tronic equipment and uses no radio 
frequencies, operates from the reser- 
voirs through a transmitter which con- 
trols the pumps, transmits the water 
level signal to the main station, and 
operates the recorder at that point. 
The transmitter, receiver, and recorder 
are on one separate circuit—an advan- 
tage in the event of a line power failure. 
Mercury is used in the main element, 
each 3 in. indicating 1 ft of water eleva- 
tion. Water level can be read at the 
transmitter at all times. Visible fuses 
are used to protect leased wires as well 
as the transmitting instrument. A 60- 


Electrical Supervisory Controls at 
Vancouver, Wash. 
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A paper presented on May 3, 1957, at the Pacific Northwest Section, 
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sec disc acts as a master timer for all 
equipment on the system and all con- 
trols are automatically reset. The re- 
ceiver (Fig. 1) at the pumphouse is 
always in direct synchronization with 
the timer at the transmitter. Indica- 
tions of any trouble at the receiver are 
transmitted to the main control house 
as a 5-sec alarm every 60 sec and trou- 
ble at the transmitter sounds a continu- 
ous alarm. 

The plug-in arrangement is such that 
the position of operation of the pumps 
can be interchanged. For example, 
No. 4 pump can be operated in No. 1 
position and so on. This keeps pumps 
in top condition, for, during the winter, 
idle pumps tend to gather moisture. 

The delay relay prevents equipment 
from being damaged during operation. 
If a power failure occurs, this relay 
will not permit the pumps which were 
on the line at the time of failure to 
come back on immediately after restora- 
tion of power. Rather, booster pumps 
will start 2 min apart, allowing deep- 
well turbines time to go through a back 
spin (if not the ratchet type) and then 
come on the line 20 min apart. 

At the main control station, record- 
ers (Fig. 1) are installed to record 
water level, number of pumps running, 
which pump is in operation, trouble (if 
any), and where. Water levels are 
kept within 3 in. of the overflow line 
in all reservoirs and elevated tanks. 
Provision is also made for starting 
and stopping pumps at well and booster 
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Fig. 1. Receiver and Recorder 


Receiver, at left, is located in pumphouse, recorder at the main control station. 


locations. For the future, the same 


starting and stopping controls are 


available for other locations, but it is 
felt that remote automatic control is 
better. 

Each system has its own bell alarm 
and a red light located under the re- 
corder. There is a test button for 
checking all the equipment of all sta- 
tions. Each well has a timer to control 
running time and amount of water 
pumped. These controls automatically 
permit use of the whole gravity flow 
system before deep wells are used. 

Protection, in the event of a com- 
plete power failure, is provided by a 
battery-operated alarm system. Sec- 
ondary power is also provided. Hand- 
off automatic switches allow service- 
men to check all equipment in a pump 
house without interference with the 
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Personnel 


Before installation of the system, five 
men were needed to check reservoirs 
and pumping stations; today, one man 
performs these duties as well as ‘e- 


pairing meters and handling radio calls, 
and checking the control panel of the 
water system. He can tell at a glance 
water levels in all reservoirs and 
towers, and the number and location of 
the pumps operating. 

Night watchmen are not used at 
either the water or treatment plant as 
these controls are installed in six sew- 
age pumping stations, as well as at the 
treatment plant. At the second shift 
change at 11:00 pm, each operator 
places the main control panel in charge 
before he leaves. At the main control 
center, a house is occupied by one 
serviceman. He has an alarm nearby 
which he answers from 11:00 pm until 
7:00 am—two short rings for sewage, 
one long ring for water. If there is 
trouble at night he checks the main 
control board, determines the trouble, 
calls the serviceman, and explains 
where and what it is. He has a re- 
minder that he sets for 30 min or more 
and, if repairs are not made by that 
time, the alarm is repeated. 

This control system, in operation 
successfully for 4 years, has more than 
paid for itself. 
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NE of the main characteristics of 

the present time is the tremen- 
dous and almost explosive growth of 
urban communities. Although this 
trend has been evident for about half 
a century, the acceleration which has 
taken place in the last 10 years has 
been staggering. This has been caused 
by the increase in population, the devel- 
opment and decentralization of indus- 
try, and the mechanization of farming, 
but basically the cause has been the 
automobile, which has created such 
congestion in the central areas of cities 
as to force business and industry to 
relocate in outlying subdivisions, while 
at the same time it has made suburbia 
possible. 

The trend, which is now developing, 
however, more clearly in the United 
States but also in Canada, is the re- 
placement of the familiar metropolitan 
area by what might be termed metro- 
politan regions. The old pattern of a 
central city surrounded by quiet sub- 
urbs is disappearing. The suburbs 
themselves are becoming bustling cities 
filled with industry, business, and shop- 
ping centers. These suburbs join and 
overlap until they are welded into an 
almost continuous urban area. 

This development has confronted of- 
ficials of all levels of government with 
tremendous problems, and water works 
officials are no exception. Historically, 
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Greater Winnipeg Water & San. Beas 


the great majority of water works utili- 
ties were built for a single community. 
As suburbs developed around the cen- 
tral core, in numerous cases changes 
were made to supply water to these 
areas with a view of the possibility of 
their eventual annexation. The rapid 
urban growth since the turn of the cen- 
tury resulted in the organization of 
water districts or metropolitan water 
utilities. Greater Winnipeg’s experi- 
ence in this regard is typical, and the 
Greater Winnipeg Water District, or- 
ganized in 1913, was one of the first 
of such metropolitan authorities on the 
continent. 

Water works publications contain 
numerous articles on the organization 
and operation of metropolitan water 
districts, including several good articles 
on the Greater Winnipeg Water Dis- 
trict (1-5). The purpose of this arti- 
cle is to discuss some of the experi- 
ences of the Winnipeg district and to 
consider some of the problems with a 
view possibly of determining whether 
the usual metropolitan water authority 
as it now exists can serve changing re- 
quirements or whether changes will 
have to be made possibly along the 
lines of the Ontario Water Resources 
Commission. 

Greater Winnipeg is composed of 
four cities, two towns, one village, and 
nine rural with a com-— 
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population of approximately 
_ 410,000, and a total area of 261 sq 
miles. The rapid growth of the popu- 
lation since the war and the resulting 
problems of providing the required 
municipal services, such as_ sewers, 
sewage treatment, water, roads, and 
bridges, have given rise to a demand 
for a review of the existing method of 
organization of municipal government. 
As a result, the province of Manitoba, 

in September 1955, established a royal 

- commission known as the Greater Win- 
—nipeg Investigating Commission to 
study this matter with a view to de- 
_ termining the desirability or otherwise 
establishing a more integrated develop- 
ment of the municipal government. A 

_ brief was recently submitted by the 
rE commissioners and the general manager 
of the corporation to this investigating 
- commission; it dealt with the water 
works and sewerage aspects of the 
problem. This report discusses three 
general areas: water supply, finances, 
and treatment, particularly fluoridation. 
In considering Winnipeg’s water 


arrangements for delivery of water vary, 
_ depending on the type of area served: 
a municipality which is a member of 
the water district; a nonmember mu- 

nicipality; or an area outside greater 
Winnipeg. In addition, of course, 
there is also the question of estimating 
and planning for future requirements. 


‘ Supply to Members 


The Greater Winnipeg Water Dis- 
trict is an intermunicipal corporation, 
established by an act of the legislature 
dated Feb. 15, 1913, and made up of 
= cities of Winnipeg, St. Boniface, 

St. James, and East Kildonan, the 
towns of Transcona and Tuxedo, and 
the rural municipalities of Fort Garry, 


St. Vital, and West Kildonan. The 
district is responsible for conveying 
water in bulk and not under pressure 
from Shoal Lake 97 miles east to the 
individual member municipalities. 

The Water District Act clearly 
specified that the district was to be 
the sole supplier of water to the mu- 
nicipalities and prohibits one munici- 
pality from supplying water to any per- 
son or corporation in any other munici- 
pality. But it does permit municipali- 
ties to use their pumping stations or 
distribution systems to convey Shoal 
Lake water under pressure to other 
municipalities by agreement (2). The 
municipalities themselves are responsi- 
ble for the storing, treating where 
necessary, pumping, and distributing 
the water to their own residents. 

Provision was also made in the 
Water District Act that when any mu- 
nicipality used more than 200,000 gpd * 
of water it could request, and the dis- 
trict had to construct, a separate supply 
line from the aqueduct to the boundary 
of that municipality so that it could 
undertake its own pumping. The first 
use of this provision was in 1953 by St. 
Vital (3), although inquiries are made 
from time to time by other municipali- 
ties, several of which are considering 
the construction of their own pumping 
stations in the future. 

As long as there are fourteen sepa- 
rate municipalities with two possible 
additional ones responsible for provid- 
ing water facilities, such as storage, 
treatment, and distribution, there will 
obviously be a considerable amount of 
duplication, the majority of which 
would be eliminated by a more inte- 
grated organization of these facilities. 
There is also a wide variation in the 


* Gallons throughout this article refer to 
the Imperial gallon, which equals 1.2 US gal. 
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standard of the services being provided, 
a number of which are not adequate 
by modern standards. 

Another very critical situation has 
developed in the matter of storage fa- 
cilities. The water district is merely 
responsible for bringing water into the 
area to supply the maximum daily re- 
quirements. The maximum hourly re- 
quirements, however, are the responsi- 
bility of the individual municipality. 
In addition to this, as a precautionary 
measure, in view of the fact that a 
single pipeline supplies the whole area, 
each municipality should, as a matter of 
good engineering, provide storage of 
2-3 days’ capacity. Only the city of 
Winnipeg at the present time has stor- 
age facilities of anything like this 
amount. The other three municipali- 
ties who do their own pumping either 
have no storage facilities or at best only 
sufficient for several hours’ supply. 


An important consideration from the 
area point of view is that the present 
arrangement does not make for good 


planning. As an example, the city of 
Winnipeg is at present supplying five 
member municipalities and five non- 
member municipalities with water, but 
there is no assurance that these munici- 
palities will continue to be customers 
of the city of Winnipeg, as only the 
city of St. James has a specific under- 
taking to continue receiving water from 
Winnipeg until 1971. Consequently, 
Winnipeg has to make certain assump- 
tions and is therefore under difficulty 
in planning its future requirements. In 
addition to this, Winnipeg naturally 
must think in terms of locating its fu- 
ture pumping stations and reservoirs 
within its own boundaries, but this may 
or may not be the best location for these 
facilities from the overall area point of 
view. 


Supply to Nonmembers 


The five nonmember municipalities 
are supplied with Shoal Lake water 
under somewhat complicated agree- 
ments. One multiparty agreement is 
between the district, the receiving non- 
member municipality, and the other © 
municipality whose distribution system 
is used to convey the water. A second 
separate agreement between the city of 
Winnipeg and the receiving munici- 
pality provides for pressure, storage, 
and certain treatment. Practically all 
of these agreements, however, stipulate 
that water will be supplied if and when 
available. No quantity nor pressure 
at the boundary is specified and nearly 
all have a provision that the agreements 
can be canceled on 60 days’ notice, al- 
though undoubtedly this has more legal 
than practical significance, as it is hard 
to conceive of the water supply to any 
community being discontinued. Other 
than these agreements, however, the 
district is under no legal obligation to 
supply these nonmember municipalities 
with water, and the member munici- 
palities are also under no obligation to 
reinforce their distribution facilities to 
deliver sufficient water to the nonmem- 
ber municipalities. Consequently, these 
municipalities now find themselves with 
no assurance that their rapidly ex- 
panding water requirements can be met. 

Recently, for the first time since the 
incorporation of the district in 1913, 
inquiries have been made by two of 
these municipalities concerning the pos- 
sibility of their becoming members of 
the district. There is no provision for 
this in the present act, and in addition 
the financial aspects of their becoming 
members are extremely complicated. 

It is, therefore, of interest that one 
of the two nonmember municipalities 
that had applied for membership in 
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the district has a to the city 
of Winnipeg for amalgamation. It is 
also interesting to note that if this mu- 
nicipality should be amalgamated with 
Winnipeg, then in accordance with the 
district’s act, their entire area would 
become part of the water district area, 
although located a considerable distance 
from the present facilities. It might be 
further pointed out that while this 
might solve the problems of this one 
particular municipality, it would not 
relieve the difficulties of the others. 

The duplication and other problems 
arising from the present organization 
of the water supply facilities in this 
area are somewhat similar to the condi- 
tions which prevailed in the Greater 
Toronto area prior to the establishment 
of the metropolitan district. It is quite 
obvious that a more integrated method 
of organization would result in greater 
simplicity and would provide an ade- 
quate supply of water to this commu- 
nity more economically. 


Supply to Outside Areas 


The greater Winnipeg district has 
recently received inquiries from a 
group of municipalties as to whether 
Shoal Lake water could be made avail- 
able to them. These municipalities are 
located in what is known as the Pem- 
bina Triangle, which is an area located 
in the southern part of the province 
between the La Salle River and the 
United States boundary and extending 
from the Red River to approximately 
60 miles west. This area is presently 
served by wells, and the supply is not 
satisfactory in terms of both quantity 
and quality. The terrain apparently 
does not lend itself to the erection of 
dams which would permit the impound- 
ment of sufficient quantities of water, 
the quality of which would also be 
somewhat doubtful. 
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One of the first problems to be 
solved, of course, is to determine what 
the future requirements for water will 
be in this area as well as the economic 
feasibility of a pipeline from the Greater 
Winnipeg area as compared with other 
possible sources, such as the Red River. 
The provincial government has engaged 
consultants to investigate this problem, 
but the district, once the quantity of 
water required is determined, will un- 
doubtedly be asked to indicate whether 
it is in a position to undertake the sup- 
ply and at what cost. 

The town of Selkirk, located some 
25 miles north of the city, is also inves- 
tigating an alternative source of supply 
to its present, very hard well water. 
It is understood that consideration is 
being given to the possibility of asking 
the district to supply it with water. 

With the construction of the trans- 
Canada highway, which roughly paral- 
lels the district’s aqueduct, east of the 
Ontario border, a number of small de- 
velopments are being constructed along 
this route, and inquiries are being re- 
ceived for a supply of water. One 
such request was granted last year in 
the town of East Braintree. The prob- 
lem here, however, is that the district 
is primarily a wholesaler and up to the 
present has not had occasion and is 
somewhat reluctant to undertake the 
supply of water to individual private 
customers. Since most of these latter 
requests come from unorganized ter- 
ritory, it is difficult to see how this 
problem can be dealt with other than 
supplying this water to individual 


customers. 

Estimating and Planning 
One of the major problems with 
which every water utility is confronted 
is first determining what its future 
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water requirements will be and then 
planning and constructing its facilities 
so that it will always in a position to 
render adequate service to the com- 
munity it serves. In this connection, 
it should be pointed out that those who 
planned the original work (1) did an 
excellent job. While their original pre- 
dictions of population growth were not 
realized due, among other factors, to 
the construction of the Panama Canal, 
the facilities which were built did, how- 
ever, give this community an assured 
and adequate supply of water for many 
years. No additions were made until 
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Fig. 1. Estimated Population of 
Greater Winnipeg 


Solid line indicates the prediction of the 

Metropolitan Planning Commission; the 

dashes indicate the 1955 prediction by the 

district for the Gordon Commission. 

Dots show actual 1951-56 growth, based 
on 1956 census figures. 


1950, when the booster pumping sta- 
tion was built. As originally planned, 
a second aqueduct will be required by 
about 1960. Plans for the construction 
are now underway, and it is expected 
that contracts will be let by the spring 
of 1959. This will complete the work 
originally planned in 1913. 

The district’s engineers, however, are 
already making plans for future re- 
quirements. Figure 1 illustrates some 
of the recent population estimates 
made. The Gordon Commission has 
predicted a very great increase in popu- 
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lation by 1980. In submissions made 
to this Gordon Commission, population 
estimates were made by both the dis- 
trict and the provincial government, 
and results were very close. These 
estimates were made, however, before 
the 1956 census figures were available. 
An estimate made recently by the 
Greater Winnipeg Metropolitan Plan- 
ning Commission, also shown on Fig. 1, 
was based on the 1956 census figures. 
The planning commission in a recent 
report states that this area can expect 
an increase in population within the 
next 10 years of about 120,000. 

Estimates have therefore been made 
of future water requirements. These 
are shown on Fig. 2. From this chart, 
it is clear that an additional source of 
supply will be required by approxi- 
mately 1973, although this would be 
hastened by a year or two if the district 
were to supply water to the towns in 
the Pembina Triangle. 

Studies will also have to be made to 
determine what form this additional 
supply might take. There are several 
possibilities. In 1913 provision was 
made for a second aqueduct paralleling 
the present aqueduct, although this 
would require pumping. A_ second 
possible alternative, however, is the 
construction of a pipeline which would 
convey water under pressure from the 
Winnipeg River, probably from near 
Seven Sisters, and parallel to the high- 
way to the Red River at St. Andrews 
Locks, and thence to Winnipeg. A 
spur could be taken off to serve the 
town of Selkirk, and other communities 
could also be served along the line. 

A pipeline would have certain advan- 
tages over a second aqueduct. It could 
conceivably provide the peak load re- 
quirements during the summer by 
pumping so arranged as to use off-peak 
power close to its source of supply, 
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with the water moving from Seven Sis- 
ters into Winnipeg. During average 
conditions the water could be supplied 
to these communities from either Win- 
nipeg or from Seven Sisters, depending 
on economic and hydraulic considera- 
tions. It would also provide a second 
pipeline located some considerable dis- 
tance away from the original line. 

A third possibility might be the con- 
struction of larger reservoirs to iron 
out peak demands. 
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Fig. 2. Estimated Water Consumption for 
Winnipeg District 


Dashes indicate estimated maximum daily 

consumption including the proposed Red 

River Valley requirements; dots indicate 

actual average daily consumption for 
1951-56. 


Financial Problems 


One of the first problems which al- 
ways arises in any utility is the devel- 
opment of a rate structure, and anyone 
who has had anything to do with rates 
is aware of the fact that it is extremely 
difficult to try to establish a system 
which is both equitable and adminis- 
tratively simple. There are also prob- 
ably as many different theories and 
philosophies on rate structures as there 
are people who are designing them. 
For example, in any utility such as 

the water district, it must be decided 
whether the revenue should be derived 
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solely from the sale of water or if some 
of the revenue should come from taxa- 
tion. A review of various rate struc- 
tures of different metropolitan utilities 
reveals that these vary from one ex- 
treme to the other. For example, both 
the Greater Vancouver Water District 
and the Greater Victoria Water Dis- 
trict derive their revenues solely from 
the sale of water, and no taxation is 
imposed. The Metropolitan Water 
District of Southern California goes 
almost to the other extreme, when for 
the period 1929-56 the revenue de- 
rived from taxation was $253,662,000, 
compared with $30,131,000 obtained 
from the sale of water. 

There are, of course, arguments on 
both sides. Those who believe in ob- 
taining all the revenue from the sale of 
water maintain that the person actu- 
ally using the commodity should pay 
the whole charge. This is very similar 
to the rate structure used by electrical 
utilities, with perhaps the exception 
that electric utility rates nearly always 
have a provision for readiness to serve, 
usually in the form of a connected load 
or demand charge, whereas this fea- 
ture is practically unknown in water 
utility rates, although it has been im- 
posed recently in some cases for air 
conditioning. 

Those who advocate that some of 
the revenue be obtained from taxation 
maintain that the very fact that a water 
utility is established in an area immedi- 
ately enhances the value of the land. 
Further, even if this land is not used 
but is held speculatively for future de- 
velopment, the water utility receives no 
immediate revenue from water sale but 
has nevertheless made considerable 
capital expenditures for pipelines and 
other structures and is ready and able 
to provide service. 

The Winnipeg district, therefore, in 
its original act, provided for a combina- 
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tion of both methods of charges. It 
was intended that the interest and sink- 
ing fund requirements be met by an 
annual tax upon all of the lands, exclu- 
sive of improvements, within the dis- 
‘rict. Provision was also made for a 
direct charge for water sold at the same 
rate for all municipalities. The inten- 
tion also was that this rate, as nearly 
as possible, was to be based on the cost 
if maintenance, operation, and manage- 
ment of the utility. Originally, the rate 
was set at 1} cents per 1,000 gal, but 
it was soon found that as a result of the 
relatively small amount of water sold, 
the land tax was extremely high and 
that it would be necessary to increase 
the direct charge made for water. 
Consequently, an amendment to the act 
was secured raising and limiting the 
rate to 5 cents per 1,000 gal. The an- 
nual levy has been reduced steadily 
from $1,242,000, in 1922 to $560,000 
in 1951 and has remained at that level 
to date. 

It should, however, be pointed out 
that although the original intention was 
that all of the land in the district which 
would ultimately be served by water 
und which had increased in value as a 
result of the construction of the aque- 
luct should be subject to the levy, the 
venefits of this method were largely lost 
»”y the insertion in the act of a clause 
which permitted areas within munici- 
palities to be withdrawn from the water 
listrict area. All the municipalities, 
with the exception of the city of 
Winnipeg, used this means of with- 
drawing large sections of their land 
from the area. The net result of this 
was virtually to defeat the purpose for 
which the levy was intended, since the 
ands which remained in the water dis- 
trict area virtually became those areas 
which were actually served by water. 
In addition, there was a continual ad- 
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ministrative problem of bringing small 
tracts of land into the district. This re- 
quired a bylaw, and it also had the 
effect of leaving large islands and iso- 
lated peninsulas of land which were not 
in the water district. In the last 5 or 6 
years the commissioners have adopted 
a policy of insisting that only large 
areas of land be incorporated and that, 
wherever possible, these be consoli- 
dated into a continuous area. At pres- 
ent just half of the 123 sq miles com- 
prising the area of the member munici- 
palities is included in the area. 

The district will soon have to give 
consideration, however, to a review of 
the method of collecting revenue by 
means of the levy (Fig. 3). An addi- 
tional aqueduct from Deacon will have 
to be constructed very soon (1). This 
aqueduct will be required primarily to 
serve the areas which will be developed 
in the next 10-15 years. It therefore 
does not appear to be quite equitable to 
levy the cost of this additional aqueduct 
on those who have already paid for 
most of the costs of the original works 
and who are already being served more 
or less adequately at the present time. 
It may therefore be desirable to have 
the act amended so that all areas which 
will eventually be served by this addi- 
tional aqueduct will be required to pay 
for the cost and therefore be included 
in the water district as of the time of 
the aqueduct’s construction. 

Another interesting provision of the 
Water District Act is the one for the 
use of mains of one municipality to sup- 
ply another municipality (2). It is 
under this provision that Winnipeg 
supplies five member municipalities 
with water and until recently, St. Boni- 
face had supplied the municipality of 
St. Vital. The act further specifies that 
for the use of these mains, the cities of 
Winnipeg and St. Boniface shall re- 
ceive a rate of 5 cents per 1,000 gal. 
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There is apparently no relationship be- 
tween this rate and the actual size or 
length of the transmitting mains in- 
volved. It will also be apparent that 


if the district receives 5 cents per 1,000 
gal for the sale of water and then has 
to pay 5 cents for the use of the munici- 
pality’s mains, one cancels the other 
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Fig. 3. Revenues and Expenditures for Winnipeg District, 1946-81 


Water revenue is figured on rate of 5 cents per 1,000 gal. 
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and there is no net revenue derived 
from the sale of this water. 

There is another section of the act 
which might possibly be interpreted in 
such a fashion as to enable the water 
district to recover this 5 cents or rather 
to pass it along to the municipalities 
who do not operate their own pumping 
stations, as is now done in the case of 
nonmember municipalities. This sec- 
tion of the act is being given very close 
study at this time. 

The act also provides that the corpo- 
ration may sell, supply, and deliver 
water to any person, firm, or corpora- 
tion outside the district at a price which 
may be agreed upon, and for the pur- 
pose of so supplying and delivering 
water, the corporation may use the 
water distribution systems of any mu- 
nicipality so far as the same extends 
or is required upon terms to be agreed 
upon between the corporation and the 
municipality, or in the case of dis- 
agreement, upon terms to be deter- 
mined by the Municipal and Public 
Utility Board. The district here too 
has followed the practice of paying the 
municipality concerned at the rate of 
5 cents per 1,000 gal of water. 

It should be noted that in all sections 
of the act, the water which the district 
delivers is always referred to as being 
conveyed and delivered not under pres- 
sure. It is perfectly obvious, however, 
that the water can only be delivered 
and utilized under pressure. While no 
specific provision is made for this in the 
act, the arrangement in practice has 
been that the city of Winnipeg has, by 
special agreement, agreed to store and 
deliver this water under pressure and 
for this has established a rate of 
charges. At the present time, the city 
is reviewing these charges. 

While these agreements for pressure 
are actually between the receiving mu- 
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nicipality and the city of Winnipeg, the 
district nevertheless has an indirect in- 
terest in them. If the rates charged for 
pressure and for the use of mains reach 
a certain point, then it may conceivably 
become more economical for one of the 
member municipalities to demand from 
the district that they construct a supply 
main from the aqueduct to their bound- 
ary and erect their own pumping sta- 
tion, as was done recently by St. Vital. 
This, in effect, would be a case of the 
duplication of facilities and in all proba- 
bility would not provide the most eco- 
nomical arrangement from the overall 
point of view. 

As has been mentioned earlier, there 
is a clear division of responsibility be- 
tween the district and the other munici- 
palities. It is obvious that with the 
expansion which is expected to take 
place in the next 10-15 years, a con- 
siderable amount of capital expendi- 
tures will have to be undertaken (Fig. 
3). Table 1 indicates the extent of 
these capital expenditures which it is 
estimated will be required between 1956 
and 1981. These are classified as those 
which will have to be undertaken by 
the district and those which will have 
to be undertaken by the individual 
municipalities. 

The city of Winnipeg, in the last 10 
years, has done considerable financing 
of water facilities, without experienc- 
ing any degree of difficulty as long as it 
has been able to keep these amounts 
within reasonable proportions. Most 
of the other municipalities, however, 
with one or two exceptions, have had 
great difficulties in financing local im- 
provements in new areas, so much so 
that the only method in many cases, in 
order to provide for the carrying out 
of their improvements, has been to turn 
the land over to private contractors to 
develop the areas. In certain other mu- 
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nicipalities it has been virtually impos- 
sible to achieve any development at all. 
Some recent legislation by the Mani- 
toba government whereby debenture is- 
sues may be taken up by the province 
under certain conditions may relieve 
this condition to some degree. 

The net result of the above has been 
that many of the municipalities have 
not been able either to construct, main- 
tain, or extend their water facilities 
adequately. 

The water district in recent years 
has done no financing other than some 
relatively minor refinancing and has 
enjoyed excellent credit. Provided 
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accordance with the provisions of the 
Winnipeg Charter 1940, respecting the 
submission of by-laws for the borrowing 
of money. 

2. By-laws for the borrowing of money 
required for betterments, replacement, ex- 
tensions, or additions to the works or 
plant of the corporation, not exceeding 
the sum of $200,000 in any one year, need 
not be approved as provided in Subsection 
(1), and the board may enact such by- 
laws as it may deem expedient for such 


purposes. 

Recently the city of Winnipeg has 
experienced some difficulty in having 
money bylaws approved by the rate 
payers. An expenditure of about $8,- 


TABLE 1 
Estimated Population and Capital Expenditures* for Water Facilities in Winnipeg Area 


Population 


Water Consumption—med 


Capital Expenditurest—$1,000,000 


Served 


Max. District Municipal 


1956 
1961 
1966 
1971 


413,000 
465,000 
530,000 
595,000 
1976 677,000 
1981 760,000 
Totals | 


7.9 


45.0 


* Based on April 1957 construction costs. 
+ For 5-year period beginning with year shown. 


that favorable economic conditions con- 
tinue, it is not anticipated that any 
great difficulty should be encountered 
in financing projects required by the 
district, although it should be pointed 


7 out that a very serious problem may 


arise as a result of a provision in the 


ing of money by the issue of debentures 


under Section 42 shall be valid or acted 


upon until approved by a by-law of the 
city of Winnipeg that has been first sub- 
mitted to the ratepayers of that city in 


000,000 will have to be made before 
1961 by the water district for a second 
aqueduct between Deacon and Winni- 
peg. Since this will be required prin- 
cipally to serve the municipalities 
around Winnipeg, it might conceivably 
happen that the ratepayers of the city 
will turn this expenditure down. 

It might also be stated that there is 
a definite contradiction between this 
section of the act and one which states 
that the corporation shall forthwith 
construct a separate supply main to 
any municipality whose consumption 
has reached a quantity of 200,000 gpd. 
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could conceivably happen that if 
ich a request were made and the de- 
entures required exceeded $200,000, 
by-law would have to be approved by 
the Winnipeg taxpayers. If this bylaw 
ere to be defeated then the district 
ould be in a position where it could 
ot carry out its obligations under this 
articular section of the act. Another 
1iomaly is that Winnipeg is not re- 
ured to have money bylaws for water 
orks facilities approved by the rate- 
ayers. The sanitary district only re- 
uires the approval of the Municipal 
id Public Utility Board. Considera- 
mn is being given now to a question 
| making certain amendments to the 
‘t to overcome this difficulty. 
It might also be mentioned that a 
msiderable amount of the capital ex- 
enditure for water works purposes 


hich will have to be spent by Winni- 
eg will be for the extension of feeder 
ains which will primarily be required 


) convey water to the municipalities 
hich the city now serves. While this 

undoubtedly good engineering, it 
1ould, however, be coordinated with 
similar program in the neighboring 
unicipalities to form part of an area 
an for water distribution. Similarly, 
eder mains should also be constructed 
f a proper size in the next ring of 
unicipalities which surround the city 
roper. It is understandable, however, 
iat the municipalities concerned, par- 
cularly those with financial problems, 
re most reluctant to embark on such a 
theme. In any case, there is no provi- 
on for overall control. 


> 


~ 


Treatment Problems 


In the division of responsibility be- 
tween the district and the receiving 
lunicipalities, the matter of water 
eatment has always been considered 
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to be the responsibility of the individual 
municipalities, since the district was 
merely delivering Shoal Lake water 
in bulk to the Greater Winnipeg area. 
As a result, there is considerable differ- 
ence in the degree of treatment given 
the water in the various municipalities, 
ranging from full chlorination and 
algae control in Winnipeg to, until re- 
cently in one municipality, no treatment 
whatsoever. There is probably also a 
considerable need for booster chlorina- 
tion in the outlying municipalities. 

Even in the city of Winnipeg, how- 
ever, difficulties were encountered in 
trying to treat the water for algae con- 
trol during hot summer months. This 
difficulty resulted chiefly from the fact 
that the city had reservoirs at only one 
of its two pumping stations. It wasn’t 
possible to treat the water at the fire 
service water works. At the McPhil- 
lips Street Station, however, algae con- 
trol was carried out by means of cop- 
per sulfate and also by free residual 
chlorination. In an attempt to pro- 
vide a measure of treatment for algae 
control to all of the water supplied to 
the area, it was decided several years 
ago to experiment with the use of 
copper sulfate at the intake at Indian 
Bay. Since it takes approximately 48 
hr for the water to travel from the in- 
take to Winnipeg, this proved quite 
successful. Accordingly the district in- 
stalled a copper sulfate feeder 2 years 
ago and has been applying this chemi- 
cal each summer as required, with a 
resulting improvement in the quality 
of the water. 

The Winnipeg area has not been im- 
mune from the fight for fluoridation. 
On several occasions prior to 1955 the 
city council gave consideration to the 
fluoridation of the city’s water supply. 
Since Winnipeg conveys water to five 
member municipalities and five non- 
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member municipalities through its dis- 
tribution system, however, this meant 
that these other municipalities would 
also be receiving fluoridated water. 
The city solicitor, on investigating, 
apparently found that this could not be 
done without the consent of all of the 
other municipalities, which was not 
forthcoming. St. Boniface and St. 
Vital, who each supply their own re- 
quirements, had also given considera- 
tion to fluoridating their supply. In 
both of these cases there were no legal 
impediments to their doing so. 

The city of Winnipeg then ap- 
proached the district and inquired 
whether it would undertake fluorida- 
tion. The district’s act was originally 
set up to supply raw water in bulk and 
not under pressure to the various 
municipalities. The district solicitor 


therefore advised that, particularly in 
view of the experience in metropolitan 
Toronto and the province of New 


Brunswick, he felt it would be neces- 
sary for the district to have its act 
amended to permit fluoridation. From 
an engineering standpoint, there were 
some advantages in having the district 
undertake fluoridation, since this re- 
quired only one installation as against 
five and ultimately seven installations 
if fluoridation was to be carried out by 
the four municipalities who operate 
pumping stations. 

As a result, a bill was introduced 
into the Manitoba legislature at its 
1956 session to amend the district’s act 
to permit it to fluoridate Greater Win- 
nipeg’s supply. The conditions under 
which the district was empowered to 
commence fluoridation are: “The Cor- 
poration shall not take any action under 
the authority granted by subsection 
(2),” making the introduction of flu- 
orides subject to the Public Health Act, 
“unless a resolution approving such 
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action by the corporation is passed by 
the Council of each of at least five mu- 
nicipalities that are member municipali- 
ties on the coming into force of this act 
and the total combined population of 
which, as shown by the latest census 
comprises not less than 85 per cent of 
the total combined population, as shown 
by the latest census, of all the munici- 
palities that are member municipalities 
on the coming into force of this act.” 
Another section, inserted at the in- 
sistence of the district, reads: ““When 
5 years have elapsed from the time 
the corporation first introduces fluo- 
rides into the water under subsection 
(2), if a resolution requiring the cor- 
poration to cease taking such action is 
passed by the council of each of at 
least four municipalities that, on the 
date the last of such resolutions is 
passed, are member municipalities and 
the total combined population of which, 
as shown by the latest census, com- 
prises not less than 20 per cent of the 
total combined population as shown by 
the latest census, of all the municipali- 
ties that are member municipalities on 
that date, the corporation shall forth- 
with cease introducing fluorides into 
the water under subsection (2).” It 
was originally requested, however, that 
this section be worded to require action 
by five municipalities, with a combined 
population of at least 50 per cent. 
The district then asked each member 
municipality to state whether it desired 
to have its water fluoridated. Ulti- 
mately six of the nine municipalities, or 
a combined population of 88.69 per cent 
indicated that they were in favor of 
fluoridation. The following resolution 
was then adopted by the administration 
board on Jun. 28, 1956: “That the 
district proceed with fluoridation and 
that the commissioners be instructed 
to take the necessary steps to carry out 
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is decision, including the filing of the 
cessary information with the provin- 
il government and the calling of ten- 
rs for the necessary equipment.” 
The district then called for tenders 
r a gravimetric, loss-in-weight feeder, 
gether with the necessary bulk stor- 
e hopper, bucket elevator, and con- 
Is. The equipment was installed by 
strict forces, thoroughly tested, and 
is placed in regular operation on Dec. 
, 1956. 
The district was able to negotiate a 
ntract for a year’s supply of sodium 
icofluoride from a local chemical sup- 
ier. This material is added to the 
ater in amounts proportional to the 
ater flow so as always to maintain a 
luoride concentration of 1.0 ppm. 
upital expenditures for the installation 
the end of 1956 totaled approxi- 
ately $9,000. 
In view of the criticism and agita- 
m that is continuously going on 
ainst fluoridation and in view of the 
ct that the fluoridating equipment is 
cated so far away from Winnipeg, the 
strict thought that it might be advisa- 
e to consider additional safety meas- 
es, purely on a precautionary basis. 
ccordingly, the district asked for quo- 
tions on the installation of a fluoride 
ncentration recorder which will be set 
trigger an alarm if amounts of flu- 
ide in excess of 1.5 ppm should find 
eir way into the water supply. This 
uipment should be received and in- 
alled shortly. While this type of ap- 
paratus has been used in at least one 
ther installation for the purposes of 
trolling the feeding of fluoride 
hemical, in Winnipeg it will merely act 
as an additional monitor. _ 


Conclusions 


The Winnipeg water district has 
»w been in operation for over 38 
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years, and it speaks well for the people 
who framed the original act that it has — 


enabled the Greater Winnipeg area to 


receive an adequate potable water sup-_ 


ply at an economical price for all these 
years. Nevertheless, with the passage 
of time, conditions alter, and this in 
turn makes it necessary that changes 
be made in both the acts and the vari- 
ous methods of organization and opera- 
tion. With the rapid growth of popu- 
lation and the expansion and develop 
ment of areas surrounding Winnipeg, it 
has become clear, as already mentioned, 
that there is a need for reviewing ex- 
isting conditions with a view of making 
sure that the municipal government and 
various public utilities will be able to 
continue to provide adequate service. 
The conclusions of the brief which was 
submitted to the Greater Winnipeg 
Investigating Commission state in part: 


In considering the whole question of 
metropolitan services, your Commission 
may wish to consider the following alter- 
natives to the present method of organi- 
zation of the water and sewerage services 
in the Greater Winnipeg area: .. . If 
complete amalgamation of most, if not all, 
of the sixteen municipalities in this area 
into a single unit is proposed, then the 
water works and sewerage facilities would 
almost definitely be amalgamated auto- 
matically... . 

If [this] is not deemed to be either de- 
sirable or feasible, then it might stiil be 
possible to amalgamate the water supply 
and sewage treatment facilities of the dis- 
tricts with the water storage, water treat- 
ment, water distribution, and sewerage 
facilities of the various municipalities and 
the services being performed, into one 
metropolitan department. .. . 

If neither . . . is deemed to be either 
desirable or feasible, a third possibility 
would be to extend the scope of the 
Greater Winnipeg Water and Sanitary 
Districts along the lines of the Depart- 
ment of Works of Metropolitan Toronto. 
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In the case of water, the construction, 
maintenance, and operation of the pump- 
ing stations and feeder mains would be 
added to and become the responsibility of 
the Greater Winnipeg Water District. 
The construction and maintenance of all 
trunk sewers would be added to and be- 
come the responsibility of the Greater 
Winnipeg Sanitary District. 

It would appear that a more integrated 
reorganization of the whole area by either 
amalgamation or metropolitan develop- 
ment would assist materially in permit- 
ting the development of adequate water 
and sewer facilities on a more economi- 
cal basis.” 


Canada’s population, presently ap- 
proximately 16,500,000, is expected to 
grow to at least 28,000,000 and possibly 
30,000,000 by 1980; two-thirds or 
more of this increase will be in the 
large metropolitan areas but less than 
v per cent within the central cities of 
these areas. Greater Winnipeg is no 


exception, and as already mentioned, 
indications are that its population will 
increase by about 350,000 by 1980 and 
that 120,000 of it is expected to be in 
the next 10 years. 

There are undoubtedly formidable 


problems, but surely they are no 
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greater than the ones faced by the cit 
fathers between 1905 and 1919. If th 
same vision, courage, and breadth of 
point of view which guided its prede- 
cessors is used and if the method of or- 
ganization is amended to bring it up to 
date, there should be no reason why 
this area, which has been so well serve 
by its water utility, should not continu 
to benefit by having an assured, ade 
quate supply of wholesome potable 


water. 
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Honolulu 


UITE aside from its reputation 

as a world-famed tourist mecca, 
Honolulu has a water system rich in 
historical importance and unique in its 
operations. From its humble begin- 
ning early in the nineteenth century 
under the Hawaiian monarchy, the 
story of water development in Hono- 
lulu is a dramatic sequence of events 
leading up to the modern and highly 
efficient system of today. 

Honolulu is the capital of the Terri- 
tory of Hawaii. It is located on the 
island of Oahu, the third largest of the 
eight principal islands comprising the 
Hawaiian Islands. Its latitude is 
20° 19’ North, approximately that of 
Mexico City, and the longitude is 
157° 52’ West, approximately that of 
Kodiak, Alaska. In terms of nautical 
miles it is 2,090 miles from San Fran- 
cisco, 2,230 miles from Los Angeles, 
4,220 miles from Sydney, and 3,394 
miles from Yokohama. By reason of 
its strategic location, Honolulu is truly 
the “Crossroads of the Pacific.” 

Geologically speaking, the island of 
Oahu is relatively young. It is be- 
lieved that the formation of the island 
probably began in the Cretaceous pe- 
riod, 60,000,000 years ago when two 
adjacent volcanic domes commenced to 
lay down successive layers of lava 
flows on the ocean floor (Fig. 1). 
This gradual building up of lava even- 
tually resulted in the emergence of 
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two cones above the surface of the 
ocean. After the appearance of the 
westernmost cone (Waianae) above 
sea level, lava from the eastern cone 
(Koolau) flowed against the earlier 
western cone. This merging of the 
outpouring lava from the two cones, 
followed by many centuries of erosion, 
resulted in what is now the island of 
Oahu. 

Honolulu is blessed with a semi- 
tropical climate. The highest tempera- 
ture recorded is 88°F and the lowest 
56°F, the annual mean being about 
75°F. While precipitation within the 
city proper is far from plentiful, rain- 
fall in the watershed area, particularly 
in that portion which is located out- 
side of the city limits where readings 
of 400 in. per year are not uncommon, 
is sufficient to provide enough water 
for the island for any probable future 
requirement provided a reasonable de- 
gree of conservation is practiced. Ty- 
phoons, hurricanes, tornadoes, and dis- 
astrous earthquakes are not known in 
the Hawaiian Islands, although active 
volcanic activity still persists on the 
island of Hawaii, the largest of the 
group. 

The population of the Hawaiian 
Islands now exceeds 500,000; about 75 
per cent live on the 604 sq miles com- 
prising the island of Oahu. Honolulu’s 
population is slightly in excess of 
285,000, exclusive of military personnel 
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and dependents. The young and vigor- 
ous characteristic of the inhabitants has 
been reflected in the sharp rise in popu- 
lation during the past several years. 
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Fig. 1. Geological Formation of Oahu 


The island is pictured as two volcanic 
cones emerge from the sea (top); during 
the period of erosion and merging (mid- 
dle) ; and as it presently appears (bot- 


tom). The scale is approximately 20 
miles per inch. 
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There is every indication that the city 
will become a thriving metropolis of 
well over 400,000 by 1980. pe. 
Historical Background 

The Honolulu public water system is 
one of the oldest in the country west 
of the Mississippi River. Prior to 
1822, when the first shallow well was 
dug, the Polynesian inhabitants de- 
pended entirely upon surface streams 
and springs for their water supply. In 
1848 the first unit of a government- 
owned and operated water system was 
installed in the form of a water tank 
and piping system primarily to serve 
whaling ships. From this humble be- 
ginning and for the next 30 years the 
Honolulu water system grew steadily, 
beset with perplexing problems on 
potability, palatability, and adequacy of 
supply. 

The year 1879 was a most memora- 
ble one in the entire history of the de- 
velopment of Oahu and Honolulu. In 
this year artesian water was discovered 
under the coastal cap rock on the lee- 
ward side of the island. The first arte- 
sian well, of a total depth of 240 ft, 
was drilled on the shores of Pearl Har- 
bor, just outside of the Honolulu Dis- 
trict boundary. About a year later the 
first artesian well was dug in the city. 
Fresh water was struck at a dep¥h of 
273 ft and rose to an elevation of 42 
ft above sea level, thereby establishing 
the historical “original” artesian head 
in the Honolulu District. It was not 
until 1895, however, that the public 
water system began to furnish water 
from artesian wells. 

The discovery of artesian water in 
1879, together with the then rapidly 
increasing need for vast quantities of 
water for agricultural and domestic 
purposes, set the stage for the subse- 
quent digging of hundreds of wells in 
many areas of the island. The result 
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was a steady depletion of the accumu- 

lated artesian supply and consequent 

deterioration of many wells due to sea 

water intrusion. With a number of its 

wells endangered by such encroachment 
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Iheoretical “contact” surface 
ot depth equal to 40h 


Diagram of the Ghyben-Herzberg 
Principles 


Fig. 2. 


Fig. 2a depicts a permeable island under 
1 condition of no rainfall. Fig. 2b shows 
the results of rain seeping through the 
rock of a permeable island and forming a 
‘lens” on top of the heavier salt water. 
The height of fresh water above sea level 
Ss represented by h, with the transition 
‘o salt water occurring at a point below 
rea level equal to about 40h. Fig. 2c 
shows the same condition existing under 
un island such as Oahu, with a cap rock 
along portions of the coast. 


he Honolulu Board of Water Supply, 
which was created by the legislature 
n 1929 to meet the critical water prob- 
em confronting the city, met the chal- 
lenge by carrying out a vigorous meter- 
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ing program and an artesian well con- 
trol program made possible by the leg- 
islature. Water distribution facilities 
were greatly improved, and the final 
phase was the installation of under- 
ground pumping stations in place of 
artesian wells. Located as far inland 
as practicable these stations pump 
water from sumps and sea level devel- 
opment tunnels located just beneath the 
free water table. The first of these sta- 
tions was built in 1936, a total of three 
being in operation at present. The 
introduction of underground pumping 
stations in Honolulu was unquestiona- 
bly the second most important develop- 
ment in the history of the Honolulu 
water system, the first being, of course, 
the discovery and development of arte- 
sian water. 


Underground Sources 


The various conditions that influence 
the occurrence of ground water in 
Hawaii are largely different from those 
throughout the United States mainland. 
In order to derive a better understand- 
ing of Hawaii’s ground water develop- 
ment, it would be best to discuss 
briefly the geology and hydrology in- 
volved in the formation and retention 
of underground water bodies in the 
island rock masses. 

Needless to say, all of the surface 
and ground water supplies in the is- 
lands are dependent upon rainfall for 
replenishment. Insofar as ground 
water is concerned, reference is made 
to Fig. 2 to describe hypothetically the 
manner in which it would originate in 
an ideal, simple island formed by vol- 
canic action as in the case of the Ha- 
waiian Islands. 

Volcanic islands built up in this 
manner consist almost entirely of 
highly permeable rock. Figure 2a 
shows an ideal permeable island under 
a condition of no rainfall. Since the 
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island is permeable, the rock mass lo- 
cated below sea level is saturated with 
sea water. When such an island is in 
a rain belt, however, as shown in Fig. 
2b, the infiltrating rain water passes 
downward through the pervious rock 
until it comes to rest on top of the 
salt water. Since fresh water is lighter 
than salt water, it accumulates and 
spreads on top of the salt water. At 
the coastline of the island the fresh 
water tends to escape to sea as coastal 
springs. As the percolating rain water 
continues to add to the fresh-water 
body, a dome is built up which ex- 
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that such static equilibrium is only an 
ideal condition which probably never 
occurs. Actually, the hydrologic con- 
ditions described above are dynamic 
and only tend to approach static 
equilibrium. 

The phenomenon of the double con- 
vex lens of fresh water existing in the 
40:1 ratio is based on the Ghyben- 
Herzberg principle. This remarkable 
relationship was first recognized and 
described, apparently independently, by 
Badon Ghyben of Holland in 1889 and 
Herzberg of Germany in 1901. Since 
then geologists and hydrologists have 
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tends laterally to the sea in all direc- 
tions. This mourding up of the fresh 
water is due to a retardation of flow 
as it moves laterally in overcoming 
friction in the rock fissures. 

Since, according to the principle of 
Archimides, a floating object displaces 
an amount of water equal to its own 
weight, the fresh water in the islands 
presses downward against the salt 
water to form a body extending some 
distance below sea level. Static equi- 
librium is attained when the depth of 
fresh water and brackish water below 
sea level is about 40 times its height 
above sea level. This is due to the fact 
that salt water is $4 times as heavy as 
fresh water. It should be emphasized 
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Fig. 3. Record of Artesian Level in Central Honolulu 
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referred to the lens as the Ghyben- 
Herzberg lens. If, as shown in Fig. 
2c, the products of erosion form an im- 
pervious caprock along portions of the 
seacoast of such an island, the escape 
of fresh water is impeded and a thick- 
ening of the lens results. 

The city of Honolulu and Pearl Har- 
bor are built on a prism-shaped cap 
rock, which extends for about 25 miles 
along the shoreline of the city of Hono- 
lulu. The top of the cap rock is the 
coastal plain on which the city is built. 
It extends several miles seaward and 
is about 1,000 ft thick near the 
shoreline. 

As previously mentioned, the dis- 
covery of artesian water in 1879 was 
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followed by the drilling of a large num- 
ber of wells through the cap rock where 
artesian pressure is sufficient to pro- 
duce flowing or easily pumped wells. 
There is a total of 25 artesian wells in 
the Honolulu water system at the pres- 
ent time, the total output being ap- 
proximately 13 mgd, or slightly more 
than one-third of the total quantity of 
water produced for the city from all 
sources. 


Underground Pumping Stations 


As mentioned earlier the original 
head of fresh water in the central 
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part the effect on artesian wells due — 

to the shrinkage of the Ghyben- 


Herzberg lens. 


Faced with the constant threat of 


salt intrusion it was felt that, because 
the fresh water body is thicker as one 
goes inland, water developments located — 
some distance from the sea would be — 
less vulnerable to saline encroachment. 
This simple deduction inspired the 
Honolulu Board of Water Supply even- 
tually to perfect the design of under- 
ground pumping stations (Fig. 4) 
which are now referred to as basal sta- 
tions. A section of such an installation 
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Fig. 4. Geologic-Hydrologic Section of Honolulu Area 


Shown above is a diagram of the types of water sources discussed in the text: the arte- 
sian wells, the underground pumping station, and the high-level or “perched” sources. 


Honolulu area was about 42 ft when 
the first artesian well was drilled in 
1880. Since, according to the Ghyben- 
Herzberg principle, the depth of fresh 
water was theoretically more than 
1,600 ft below sea level, several wells 
drilled to depths of greater than 1,000 
ft yielded water of high quality. Heavy 
draft from an ever increasing number 
of wells, however, resulted in such de- 
pletion of the ground water body that 
many of the deeper coastal wells be- 
came salty or brackish. Figure 3 rep- 
resents a historical record of the arte- 
sian level in central Honolulu, while 
Fig. nl is a cross-section aon in 


is shown in Fig. 5, the principal com- 
ponents being a 30-deg inclined shaft, 
pump room, sump, and development 
tunnel. The 30-deg inclined shaft is 
preferred because of maintenance ad- — 
vantages, in addition to the fact that 
such a shaft would locate the pumps at 
a distance from impervious valley fills 
that would ordinarily restrict the ef- 
fective drawdown area. With the sta- 
tion portal located at an elevation of 
about 160 ft, the inclined shaft leads 
to the sump and development tunnel © 
near sea level. 


In laying out the horizontal devel- 


opment tunnel it is important that it be — 
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in the direction from which the lava Mountain Gravity Sources 
came as the greatest yield is in this 
direction. A principal problem here is 
to have sufficient pumping capacity in- 
stalled during construction to keep the 
tunnel unwatered. 

Representative stations have tunnel 


In spite of the fact that over 90 per 
cent of the city’s water supply is ob- 
tained from deep underground sources, 
the remaining 10 per cent or so which 
comes from “perched,” or high-level, 
sources constitutes an exceedingl 
lengths up to 1,200 ft, but in some loca- Valuable supply. Perched water, as sd 
ions, particularly where the rock is jame implies, is water confined by in- 
extremely porous and lava tubes are trysiyve rocks in dike-walled compart- 
present, sufficient water has been de- ments (Fig. 4) or perched on relatively 


___ veloped in the sump itself, with little or impervious material such as tuff, soil, 


no tunnel. These tunnels are often ash, or alluvial beds. In Honolulu, 
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Fig. 5. Typical Underground i Station 


Shown in the cross-section diagram are the 30-deg inclined shaft, the pump room, 
and the sump and development tunnel near sea level. 


called “skimming tunnels,” because bodies of perched water are located 
water is taken from the top of the fresh high in the valleys back of the city. 
water lens in somewhat the same man- In dike water development, for each 
ner as cream is skimmed from milk. lava flow there was an avenue through 
A good station of this type yields which the molten lava was forced to 
from 15 to 30 mgd of water. The the surface. The lava in these avenues 
combined yield from Honolulu’s three was under great pressure and upon 
such stations averages about 22 mgd, cooling became dikes of exceedingly 
whereas the supply from the older well dense rock. 
stations averages 16 mgd. The city of Many dikes are interconnected so as 
Honolulu uses an average of 38 mgd, to form watertight compartments which, 
with a summer peak of 50 mgd. in areas of sufficient rainfall, are filled 
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with water. Tunnels through the dikes 
tap the water-filled compartments. 
The initial flow is usually four or five 
times the ultimate dependable flow. 
The development of perched water 
for Honolulu began in 1920 when a 
tunnel was driven in Palolo Valley at 
an elevation of 987 ft. The success of 
this initial venture resulted in the in- 
stallation of similar tunnels several 
years later in the other valleys fringing 
the city. Honolulu now has a total of 
seven sources of high-level water pro- 
ducing 3-4 mgd. The economic ad- 
vantages of developing high-level water 
become obvious when it is realized 
that, since this water is supplied by 
gravity to residents in the wupper- 


service zones, the necessity of pumping 
artesian water to excessive elevations 
is eliminated. Several of the large resi- 
dential areas on the heights back of the 
city have elevations up to 1,000 ft, to 


which some water must still be boosted. 
Two of the booster stations—Kuliouou 
and Makiki—are shown in Fig. 6 and 7. 

The discovery of artesian water and 
the subsequent installation of artesian 
pumping stations did not immediately 
supplant the use of surface water in 
Honolulu. As a matter of fact, it was 
not until 1923 that the use of surface 
water was abandoned. This move was 
made possible because of the new avail- 
ability of artesian water and high cost 
of treating surface supplies. The four 
open reservoirs which were built about 
60 years ago in Nuuanu Valley back of 
Honolulu are still in evidence. These 
reservoirs, with a total capacity of 
almost 700 mil gal, are now being used 
for flood control purposes. 

Several aerators have been built in 
the Nuuanu Valley, where aeration of 
the high-level mountain water is neces- 
sary to reduce the carbon dioxide 
content. 
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During 1956 a small, experimental 
filter plant was built in Nuuanu Valley 
to recover water from a mountain 
stream. The filter was designed to 
operate without coagulation and at 
rates intermediate to those of rapid 
and slow sand filters. Hawaiian beach 
sand is being used as the filtering me- 
dium at the present time. With a de- 
sign capacity of 1 mgd the results to 
date have been excellent. This modest 
project represents the first attempt by 
the Honolulu Board of Water Supply 
to utilize surface water. 


Water Quality 


Honolulu’s water sanitation pro- 
gram is governed by standards of the 
USPHS, since interstate carriers are 
serviced by the city’s system. In all 
the years since the inception of the 
system the record with the USPHS has 
been untarnished. Bacteriological cer- 
tification has been continuously satis- 
factory, the coliform indexes invariably 
being zero or just a very small fraction 
of the allowables under public health 
standards. 

The excellence of the Honolulu water 
supply is all the more remarkable when 
one considers that practically none of 
the water furnished is regularly chlori- 
nated. The natural purity of the 
ground water supplies is attributable 
to an amazingly efficient filtering action 
of the soil and rock as rain water per- 
colates slowly down to the water table. 
In order to meet possible emergencies, 
however, fully automatic chlorinators 
are installed in all of the primary 
pumping stations ready for immediate 
operation. 

More as a precautionary rather than 
a remedial measure, all of Honolulu’s 
high-level supplies are regularly chlori- 
nated to maintain a 0.1-ppm residual 
at a minimum contact period of 30 min. 
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This practice is advisable because the 
shallow ground cover over these 
sources does not afford the degree of 
protection which is characteristic of the 
deep ground water supplies. Even in 
its raw state, the high-level supplies 
are usually of very good quality. This 
has been borne out by periodic bacteri- 
ological analysis and extremely low 
observed chlorine demands. 


OF WATER 


EDWARD J. 


MORGAN Jour. AWWA 
tem a rigid disinfection procedure is 
observed at all times when new or re- 
paired sections of the system are put 
into service. Another phase of the 
preventive sanitation program which 
has gained greater importance of late 
is backflow protection. Although the 
need for backflow prevention is a con- 
tinuing one, the board’ S$ sanitary engi- 
neers have a dlishe d a gre at dex al 
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tes 


lulu’s water is regularly chlorinated 
makes it imperative that an extremely 
stringent program of preventive sanita- 
tion be maintained. Regular sanitary 
surveys are made of all intake areas, 
public entry into which is carefully re- 


The fact that almost none of Hono- 


stricted. Only those on official busi- 
ness and properly examined by the 
territorial Board of Health may enter 
the watershed. In order to prevent 
contamination in the distribution sys- 


Fig. 6. Kuliouou Booster Pumping Station 


in eliminating undesirable conditions 
throughout the city. A few months 
ago the installation of backflow pre- 
venters along the entire Honolulu 
waterfront was completed. 


Research and Investigation 


An absolute necessity in helping to 
keep the water supply safe and palata- 
ble is the maintenance of well staffed 
chemical, bacteriological, and sanitary 
engineering laboratories. In addition 
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to research, the laboratories of the 
Honolulu water department conduct a 
aily check on the bacteriological qual- 
ty of the entire water supply of the 
ity. In keeping pace with world de- 
elopments, up-to-date equipment for 
the detection of radioactivity is main- 
ained and operated by the chemical 
aboratory. 


Fig. 


The most important aspect of the de- 
partment’s research activities is cen- 
tered around a vigorous and flexible 
program of water quality control com- 
patible with operating needs and public 
health requirements. Needless to say, 
the technological demands for such a 
study require the constant and coordi- 
nated efforts of a number of special- 
ists—the engineer, geologist, hydrolo- 
gist, chemist, and microbiologist. 
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Increasing demands on the under- 
ground supply have brought about 
complete deterioration or gradual fail- 
ure of a large number of privately 
owned wells. In fact, some geologists 


and engineers are of the opinion that 
the salting up of other wells in Hono- 
lulu may be expected because they be- 
lieve that the bottom portion of the 


Makiki Booster Pumping Station 


Ghyben-Herzberg lens is lagging dur- 
ing its attempt to attain equilibrium 
with a shrinking upper lens. For 
many years the department’s technical 
personnel have been compiling and cor- 
relating data obtained from strategi- 
cally located sampling wells in an effort 
to find out the interrelationship be- 
tween head, chlorides, pumpage, and 
aquifer drawdown. Although the stud- 
ies have been complicated by the 
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heterogeneity of the Hawaiian aquifer, 
it is felt that, at present, sea water in- 
trusion in Honolulu is reasonably under 
control. Of course, research in this 
respect must be continuing because of 
the dynamic and intricate relationship 
of the natural phenomena involved. 
The problem of ground water pollu- 
tion has received considerable attention 
of late. The matter has become in- 


Jour. AWWA 


ally speaking, five separate projects will 
be in progress within the next several 
years which will attempt to determine 
the extent and nature of underground 
and surface water pollution due to vari- 
ous causes. Of particular interest will 
be the use of bacterial, chemical, and 
radioactive tracers in field studies. It 
is hoped that valuable and interesting 
results will be obtained which will re- 


Kahuku Point 


EEE] Gap Rock Area 


Isohyet 
Halawa Station 


Proposed Waimalu Station 


Fig. 8. Map of Oahu Island, Hawaii 


Shaded portions indicate the cap rock area. 


Isohyet lines connect areas of equal 


rainfall, expressed in terms of inches per year. 


creasingly serious because the rapid de- 
velopment ef the entire island has 
broadened the threat of surface con- 
tamination to underground sources. In 
cooperation with the USPHS and the 
territorial board of health, the Hono- 
lulu Board of Water Supply recently 
started a comprehensive research pro- 


flect the unusual nature of local geology 
and hydrology. 


Long-Range Considerations 


The principal objective in Hono- 
lulu’s water resources program is to 
project its planning at least 25 years 
into the future. The soundness of such 
a policy was strikingly exemplified 
during World War II and in the post- 
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gram in connection with the Federal 
Water Pollution Control Act. Gener- 
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war years when abnormal demands for 
water were met without serious threat 
to existing reserves. In preparation 
for the needs of a Honolulu with its 
peak development still ahead, the Board 
of Water Supply is currently working 
on plans with the dual purpose of de- 
veloping additional supplies and con- 
serving resources that are presently 
going to waste. 

It was sometime prior to 1940 when 
Honolulu was faced with the realiza- 
tion that there were no further pros- 
pects of large-scale water developments 
within the city limits. Fortunately, 
territorial laws permit the city to go 
neyond its boundaries to develop 
needed supplies. Consequently, a new 
underground station was built in 1944 
a few miles outside of the northwesterly 
imits of the city. Located far up in 
Halawa Valley, this station is at pres- 
ent the most important source of water 
for Honolulu. With an anticipated 40 
per cent increase in population within 
the next two decades, plans are now 
under way for the construction of still 
another underground station in Wai- 
malu Valley, some distance west of the 
Halawa station. When completed the 
Waimalu station will be the most am- 
bitious project ever undertaken by the 
Honolulu Board of Water Supply, the 
design capacity being 20-30 mgd. The 
relative locations of the existing Ha- 
lawa station and the proposed Waimalu 
station are shown in Fig. 8. Also indi- 
cated on the map is the proximity of 
the stations to the regions of maximum 
rainfall on the island. 

Although its potential yield is some- 
what limited, the development of high- 
level water in Honolulu is nevertheless 
most desirable because of obvious eco- 
nomic advantages. Within the next 
few years tapping of high-level sources 
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in the Manoa and Kalihi valleys, with 
an expected combined yield of 1.5-2 
mgd, is being planned. These supplies 
will serve, by gravity, areas that are 
now being furnished with pumped 
ground water. Although of relatively 
good quality, preliminary analyses of 
the Manoa and Kalihi sources show 
that nominal chlorination and aeration 
to remove carbon dioxide may be 
necessary. 

It may be questioned why surface 
water is not more widely utilized in 
Honolulu. One reason is that there 
are only a few perennial streams in 
the city, the combined mean daily flow 
which is only about 10 mgd. An- 
other reason is that, although maximum 
flows are many times greater than the 
mean daily flow, the impounding of 
water in the valleys is not feasible be- 
cause of the high permeability of the 
valley sides. As the need of water for 
Honolulu becomes more urgent, how- 
ever, particularly at the higher eleva- 
tions, increasing attention is being di- 
rected toward fuller use and conserva- 
tion of surface supplies. As mentioned 
earlier, filtration and direct utilization 
of surface water has already started 
in Honolulu. Furthermore, recharg- 
ing of the aquifer with surface water, 
a practice which is gaining popularity 
throughout the United States mainland, 
may be attempted within the next year 
or two. 

Although much more work needs to 
be done before the demineralization of 
brackish and sea water is to be per- 
fected, staff engineers and chemists in 
Honolulu are nevertheless following all 
developments with great interest, be- 
cause there are several areas within 
the territory where demineralized water 
will ey be used within a few 
years. 
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Review of the Jar Test 


A. P. Black, Arthur M. Buswell, Fred A. Eidsness, 
and A. L. Black 


A paper presented on May 14, 1957, at the Annual Conference, Atlantic 
City, N.J., by A. P. Biack, Research Prof.; Arthur M. Buswell, Re- 
search Prof.; Fred A. Eidsness, Assoc. Research Prof.; and A. L. 
Black, Research Asst.; all of the Dept. of Chemistry, Univ. of Florida, 


Gainesville, Fla. 
PRELIMINARY survey of the 
general problem of coagulation as 

a step in the purification of potable 


- waters has involved an extensive litera- 


ture on the chemistry of the reactions 
of the conventional coagulants, alumi- 
num sulfate and the iron sulfates, which 
result in floc formation. Several dif- 
ferent colloidal theories have been ad- 
vanced to explain the complex mecha- 
nisms which appear to be involved. 
Although much theoretical work re- 


ation where in many cases theory is 
ahead of practice—that in water treat- 
_ ment it has failed in many instances to 


sults of laboratory research. The rea- 


= practical application of the re- 


son for this state of affairs is not diffi- 


cult to find. By its very size a water 
treatment plant does not lend itself to 


rapid and experimental changes in 
_ methods of operation, nor is it possible, 


- because of the continuous nature of the 


treatment process and the necessity for 
turning out at all times a safe and 


usable product, to risk those unsuccess- 


ful results which are so universally en- 
countered in research. This situation 
has been met in part by the develop- 
ment of the jar test, and it is for the 
purpose of advancing knowledge and 
use of that test that this review has 


een prepared. 


For the purpose of this discussion, 
the jar test for determining coagulant 
dosage in water treatment may be de- 
fined as a test in which comparisons 
are made between the results of two 
or more samples and making use of a 
multiple stirring device by which the 
time, type, and velocity of stirring may 
be varied. 

At the outset, it should be made 
clear that the idea of the jar test is 
well conceived and ingeniously applied, 
but, as this review will show, relatively 
little has been done to standardize 
either the equipment or the method of 
operation. Because of the paucity of 
the printed reports on the earlier work 
on the subject, it is believed that there 
must be a great deal of unpublished 
data in the files of plant operators 
and chemistry laboratories. A great 
deal of the material presented in this 
review has been obtained through per- 
sonal correspondence between the au- 
thors and many of the older workers 
in the field. It is hoped that this re- 
view will serve to draw out that mate- 
rial either through the pages of this 
JourRNAL or through direct correspond- 
ence with the authors. 


— 


Results of Questionnaire 
In order to supplement this corre- 


spondence and the material obtained 
from a careful review of the literature, 
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the authors prepared and distributed 
a questionnaire so designed as to bring 
out the essential details of the jar test 
as conducted by different individuals 
and laboratories. This questionnaire 
was sent to each of the sixteen leading 
manufacturers of water works equip- 
ment or supplies, to each of the fifteen 
consulting engineers offering labora- 
tory services, to nine water works 
boratories in the larger plants of the 
untry, and to four government or 
niversity laboratories. To date 32 
npleted questionnaires have been re- 
ved, and many have been accom- 
nied by extended memoranda or 
mographs describing the use of the 
- test in individual situations. 
Of the 32 replies which have been 
‘eived, fourteen came from manufac- 
rers, six from consulting engineers, 
rht from water works laboratories, 
nd four from government or univer- 
ty laboratories. About the only con- 
lusion which can be drawn with confi- 
lence from the results obtained is that 
there is little or no uniformity in meth- 
ods used for conducting the jar test— 
that there are about as many individual 
variations in procedures as there are 
individuals carrying out the test. There 
is, however, a certain degree of uni- 
formity in equipment use. Seventeen 
of the laboratories replying use the only 
multiple stirrer now offered on the 
American market for conducting the 
jar test. Six laboratories use a multi- 
ple stirrer first designed and offered 
for sale in 1930 or 1931, but which has 
been withdrawn from the market. 
Nine laboratories use stirrers especially 
designed, but descriptions or photo- 
graphs indicate that they do not differ 
greatly from the two types just 
mentioned. 


Early Experiments 


3efore reviewing the development of 
the jar test it should first be noted that 
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much important information and many 
contributions to basic theory have been 
forthcoming without the use of the jar 
test. Perhaps the most outstanding 
example is the work of George W. 
Fuller (1) in his studies of the method — 
of treatment of the Ohio River water 
made at Louisville, Ky., in 1898. The | 
device which he used in his studies 
was essentially a pilot plant consisting | 
of a settling basin 20 in. in diameter 
and 24 ft deep. It was provided with 
a series of petcocks by which samples © 
of water could be drawn during treat- _ 
ment at stated distances from the bot- 
tom. Sedimentation studies were © 
made with and without the addition of — 
a coagulant, aluminum sulfate. In dis-— 
cussing the factors influencing coagula- 
tion, Fuller made no mention of agita- 
tion or mixing before or during the | 
addition of the coagulant. 

In the same year James M. Caird 
(2) conducted tests on the coagulation 
of the waters of Elmira, N.Y., which 
closely approached present jar test 
technique. In his own words: 


It was our practice to have a measured 
quantity of water in a glass bowl, about | 
6 in. deep and 12 in. in diameter, and to” 
add a standard solution of sulfate of alu-— 
mina from a burette with constant hand > 
stirring until a point was reached which — 
we considered was the proper amount ol 
alumina to give us the desired coagulation. | 


The Illinois State Water Survey 
group working under Bartow in the 
period 1907-17 appear to have made 
no use of jar tests. In Smith’s (3) 
words, “I did not use a machine. We 
set up jars and added the coagulant, 
then mixed for a given number of 
shakes, and allowed to settle for a 
given time and made observations.” 

Wellington Donaldson (4) who, as 
chemist for the American Water 
Works and Guarantee Company, was 
very active in the water treatment field 
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during the period 1906-20, recalls the 
occasional use of bottles or jars to de- 
termine the proper chemical dosage, 
but states that “no use was made of 
mechanical stirrers, whether single or 
gang.” 

Hoover was using multiple jar tests 
but without continuous stirring at Co- 
lumbus in the early 1920’s and perhaps 
before. In the words of Laux (5), 
then his assistant : 
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for 30 min (without a coffee break). 
This had been the practice previous to 
1921 to determine the amount of alum 
dosage needed and frequently to check 
on the dosages of lime and soda-ash for 
water treatment. I cannot find a record, 
but in 1923 or 1924 the Okey Manufac- 
turing Company of Columbus built a 
stirring machine. It was large and cum- 
bersome but is still in use and, I believe, 
just about as effective as the smaller types 
of machines that are now being manufac- 


Langelier’s Stirring Machine 


4 1921 model of a machine developed by W. F. Langelier in — 
-—-—- 1918 and believed to be the first of its kind. The original ma- 


chine did not have the variable speed friction drive shown 


above. 


I worked in the laboratory at the Co- 
lumbus treatment plant beginning in April 
of 1921 and spent, as I remember, 4 years 
working for Mr. Hoover. One of my 
first jobs was to carry buckets of water 
from the river and measure it out in gal- 
lon samples into large wide-mouth jars. 
Mr. Hoover then added varied dosages 
of alum solution and lime and soda-ash. 
I started at one end of the table and 
shook each jar for a minute until I got 
to the end of the line and then I started 
_ over for a second trip. This was kept up 


tured. The distinctive feature of this 
piece of equipment was the method of 
obtaining variable speed. The shaft 
carrying the paddle was rigid and could 
not be detached. On top of each shaft 
was a wooden leather-covered disc about 
12 in. in diameter. The motor drove a 
horizontal shaft, on which were mounted 
small drive pulleys, which operated the 
shaft by rotating the large disc. Speed 
could be varied by moving this smaller 
pulley either toward the center or the 
circumference of the disc. 
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Inspection of Fig. 1 and 2, in the 

ht of the description of the machine 
described, indicates that its design was 
unquestionably influenced by the ma- 
chines constructed and used by Lange- 
lier and Baylis. 

Theriault, Clark, and Miller (6-10) 

their five classical papers published 
luring the period 1923-25 did not use 
the jar test and yet were able to make 
mportant contributions to the theory 
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of coagulation. Miller was one of the 
first to bring to the attention of the 
water works chemist the role of the tri- 
valent alum and ferric ions in neutraliz- 
ing and precipitating the negatively 
charged colloids of color or turbidity 
and to conclude that the absorptive 
property of the gelatinous floc plays, 
as a rule, a relatively unimportant part 
in the process. In their studies these 
workers showed: [1] that there must 
be present a certain minimum quantity 
of alum or ferric cation; [2] that there 
should be present an anion of strong 


Fig. 2. Baylis’s Stirring Machine 


coagulating power; and [3] that the 
pH must be carefully adjusted. 

Most of their experiments were con- 
ducted in beakers or graduated cylin- 
ders and stirring, if any, was by hand. 
They did realize, however, the impor- 
tance of the physical factors in coagula- 
tion since they state: “Now it is most 
interesting to note that the time of floc- 
culation can be varied by forming the 
mix ‘in vessels of different size.” For | 


J. R. Baylis used this jar test machine at Baltimore in 1920. ae 
* This is believed to be the second device of this type. eat were 


this purpose they used a large shallow 
tank supplying buffer solution through 
a l-in. pipe to an inclined trough at 
the upper end of which a small constant 
stream of alum solution was added. 
The lower end of the inclined trough 
was provided with a hydraulic jump. 
When the mixture being coagulated 
was collected in vessels of varying size 
it was noted that invariably the time for 
first floc was least in the largest vessel. 
They obtained the same results by hand 
mixing and pouring the water being 
treated into vessels of different sizes. 
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They finally concluded—and, as is now 
known, correctly—that this so-called 
“volume effect” was nothing more than 
the effect of the volume-surface ratio 
upon circulation. They conducted a 
series of experiments in which “slow 
rotary motion was imparted to the sam- 
ples” and concluded that “the total 
amount of floc seemed not to be affected 
and the optimum pH remained the 
same, but the time values were altered 
from those shown in preceding tables.” 


First Jar Test 


A careful study of the literature and 
correspondence with older workers in 
the field indicate that the first jar test, 
as the authors have defined the term, 
was probably run in 1918 at the Uni- 
versity of California by W. F. Lange- 
lier (11) under the direction of Charles 
Gilman Hyde during the course of in- 
vestigations of the proper method of 
treatment for the water supply of the 
city of Sacramento, Calif. George E. 
Willcomb (12) credits Langelier with 
the first large scale application of me- 
chanical agitation at Sacramento in 
1921 and characterizes it as a direct 
result of laboratory studies. Discuss- 
ing the theory of coagulation then cur- 
rent, Langelier states (11): 


Most engineers favor the idea that only 
the slightest agitation possible is desirable 
after an initial reasonably thorough miz:- 
ing of the alum with the water. This 
theory is not in accord with any of the 
experimental data which we have ob- 
tained. Our results checked many times 
under varying conditions, indicate that 
prolonged agitation is not objectionable 
but is highly desirable in increasing the 
efficiency of the process. 


Then follows what is believed to be 
the first description of a jar test to be 
found in the literature. 
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The apparatus used to determine the 
ideal conditions of agitation consists of a 
wooden frame on which are mounted four 
rotating paddles or propellers, each 
geared to a horizontal shaft driven by a 
small electric motor. The water is held 
in cylindrical glass jars 5 in. in diameter 
and 10 in. deep. A later modification of 
the device is designed with friction disks 
which permit the operation of each paddle 
at a speed independent of the others. The 
same effect of variable agitation can be 
produced in the original apparatus by 
using paddles of different sizes. These 
simple devices have proved extremely 
useful in studying coagulation phenomena. 
Similar apparatus could with profit be 
included in the laboratory equipment of 
all water purification plants using 
coagulation. 

With this device the Sacramento River 
water could be effectively coagulated with 
dosages of alum varying between 0.5 and 
0.8 grains per gallon for a considerable 
range in turbidity and alkalinity. With- 
out agitation, other than that required ini- 
tially to thoroughly mixed the coagulant 
solution with water, these same dosages 
failed to coagulate the water at all. Ob- 
servations showed that an increase in tur- 
bidity from 20 to 200 ppm had practically 
no effect on the speed of coagulation, and 
that but slightly larger doses of coagulant 
were necessary with the more turbid 
water to secure the same final clarifica- 
tion. An increase in alkalinity, other 
conditions remaining constant, necessi- 
tated either a more prolonged period of 
agitation or an increased dosage of alum. 
The velocity of the water during agitation 
in the different trials was made to vary. 
The actual velocities were estimated to 
range from 0.2 to 1 fps. Later studies 
showed that velocities up to 2 fps, or even 
higher, could be prolonged for a con- 
siderable period without breaking the floc 
or reducing the efficiency of the process. 
In general, the highest velocities pro- 
duced the most rapid flocculation. The 
period of agitation in these experiments 
varied between 10 and 20 min. 
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In his early work, Langelier clearly 
sensed the importance of the hydrogen- 
ion concentration of the water for 
proper coagulation. 
from his paper (11): 


Quoting again 


One of the most important observations 
that has been made in connection with 
these studies is the part played by the ‘re- 
action’ of the water or what chemists term 
‘hydrogen-ion concentration.’ Aluminum 
hydroxide is least soluble, and conse- 
quently most quickly and completely pre- 
cipitated, in a medium the reaction of 
which is close to true neutrality. The 
reaction of raw water is usually alkaline. 
This, however, depends not merely upon 
the alkalinity as determined by titration 
with an acid, but rather upon the ratio 
of this potential alkalinity to the amount 
of free carbon dioxide present. With 
waters low in CO, the dosage of alum 
necessary to produce approximate neu- 
trality is the amount that will reduce the 
alkalinity one-fifth, Therefore, if the 
alkalinity of the water is low, the alum 
necessary to raise the hydrogen-ion con- 
centration to approximate true neutrality, 
and thereby induce rapid precipitation and 
coagulation, is correspondingly low. It 
is apparent, then, that more often an acid, 
rather than a base, should be employed 
as a means of inducing rapid coagulation 
with alum. It would appear, moreover, 
from an extensive series of observations 
that we must revise our ideas in regard 
to the desirability of a ‘basic’ alum. 


Langelier’s stirring machine is shown 
in Fig. 1. 


Developments by Others 


John R. Baylis (13), then at Balti- 
more, began to employ the jar test in 
1920. In his own words: 


In 1920 I began using the jar test ex- 
tensively in work of coagulation. The 
first machine was constructed in which 
there was a shaft with beveled gears for 
operating the stirrers. I do not recall the 
number of stirrers used, although I be- 


lieve there were three. We used this ma- 
chine considerably, but it had the dis- 
advantage that the speed of the stirrers 
could not be varied easily. Either in 1921 
or 1922 I had another machine made for 
six samples of water. In looking through 
my photographs, I find a negative show- 
ing the machine, which was dated Janu- 
ary 1, 1924. The machine had been used 
2 or 3 years before the photograph was 
made. 

Baylis’s stirring machine is shown in 
Fig. 2. 

In 1928 Bartow and Peterson (14) 
published their important paper on the 
effect of salts on the rate of coagulation 
and optimum precipitation of alum floc. 
In this paper they reemphasized the 
importance of pH on floc formation ; 
again called attention to the fact that 
alum floc is often not Al(OH),, but 
a more complex substance, and showed 
that ions present in solution exert a 
profound effect on floc formation. 
They stated that each water has its own 
individual optimum zone of floc forma- 
tion. In this work a shaking machine 
was used for mechanical agitation of 
samples. 

John D. Fleming (75) in 1930 called 
attention to the fact that a clear distinc- 
tion should be made between mixing 
and conditioning. In his own words: 


Mixing is a term which should be ap- 
plied only to the process by which homo- 
genity of the water and applied chemicals 
is established. Conditioning is the treat- 
ment by which flocculation of this homo- 
geneous mixture is promoted and consists 
of the general agitation of the mass for 
10-40 min, in such a manner as will give 
the suspended matter in the water a mo- 
tion relative to the general motion of the 
water. 


Willcomb (12) reemphasizes the 
same thought in the following words: 


Mixing is the rapid diffusion of the 
chemical coagulating solutions through- 
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out the body of water being treated. 
Since floc formation is almost instantane- 
ous, mixing may well include the idea of 
floc formation. But the coalescing of the 
floc particles into masses is a distinct 
operation influencing time and physical 
change of the colloidal flocs formed in the 
mixing action into new and heavier for- 
mations. This process is best described 
by the word ‘conditioning’ and it is, there- 
fore, suggested that the word ‘condition- 
ing’ be substituted for mixing in describ- 
ing purification plant layouts. 


In his work Willcomb used a home- 
made jar tester involving the use of 


flat metal discs attached to vertical 
_ rods and given an up and down motion 
by a horizontal rocker arm. He indi- 


cates his preference for such a device, 
rather than one employing rotary pad- 
dles, and calls attention to the fact that 
a worn thrust bearing on a vertical ro- 


tating shaft carrying a paddle has pro- 
duced enough eccentricity to give better 


floc formation with a 1.5-grain dose of 


alum than a 2.0-grain dose in an as- 


Ia, 


by various experimenters is not due alto- 
gether to the character of the water or to 
the chemical dosages, but may be partly 


cending series. 


In 1933, Nolte and Kramer (16) 


mixing. In their words: 


The conflict among observations made 


attributed to the methods used for meas- 


Ss and obtaining these velocities in 


laboratory experiments. The procedure 
is not standardized for some measure the 
velocity at two-thirds the distance from 
the center of the paddle, while others 
calculate the velocity at the end of the 
paddle. The size of the containers with 
reference to the size of the paddle also 
makes considerable difference in results 
and this phase has received no attention. 
. . . Until a standard method for labora- 
tory and plant practice has been adopted, 
very close agreement cannot be expected. 
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In their studies of turbidity removal 
with aluminum sulfate. Nolte and 
Kramer used velocities varying from 
0.15 to 3.0 fps, and concluded that 
there is a certain optimum dosage of 
aluminum sulfate for every water and 
that a deficiency in this dosage will 
give poor results regardless of agitation. 

Black, Rice, and Bartow (17), 
studying floc formation by aluminum 
sulfate, confirmed the results of Bar- 
tow and Peterson (14) regarding the 
effect of the chloride, sulfate, and other 
ions on floc formation, and presented 
a series of tables emphasizing the im- 
portance of continuous stirring. The 
results of pilot plant tests are shown 
to confirm laboratory observations. 

In their studies they employed a six- 
unit machine equipped with 3 x 15-cm 
glass blades attached to 1 X 25-cm 
glass rods. These, in turn, were at- 
tached to vertical steel shafts by heavy- 
wall rubber tubing so that any stirrer 
might be disconnected and a jar re- 
moved during a run. They used 3.5- 
liter battery jars to contain 2-liter sam- 
ples. Identical conditions of illumina- 
tion and the formation of Tyndall cones 
were provided. The recommended 
stirring rate was 52 rpm. 

Bartow, Black, and Sansbury (78), 
in their studies employing ferric coagu- 
lants, presented conclusive evidence 
that flocs formed in the acid range 
carry positive charges, that those above 
pH 8.5-9.0 are usually negative, and 
that within the pH range 7.0-8.5 there 
is a zone of slow or no floc formation, 
within which the floc particles undergo 
a change in sign. On this basis they 
explained the difficulties encountered 
in removing organic color from water 
at high pH values, and they showed 
that whereas negatively charged ions 
such as sulfate are effective in decreas- 
ing floc times in the acid range, bivalent 
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ositively charged ions are likewise 
ffective in decreasing floc times in the 
Ikaline range. 

With the thought in mind that from 
schulz’s rule an ion with a valence of 
our should be extremely effective in 
oagulation, Upton and Buswell (19) 
in 1937 investigated titanium sulfate 
and mixtures of ferric and titanium 
ulfates as coagulants. One-gallon bat- 
tery jars were used, and samples were 
tirred mechanically with wooden pad- 
dles which revolved about one-third of 
the way down in the liquid at speeds 
f 45-60 rpm. Stirring periods as long 
s 3 hr were used in some of the tests. 

Hydrous titanium oxide floc was found 
to be more bulky and opaque than alum 
floc, but it settled somewhat more 
slowly at ordinary temperatures. How- 
ever, titanium sulfate was found to be 
superior to alum at temperatures near 
the freezing point of water. 

Also in 1937, Olin and Peterson 
20) studied the use of bentonite as 

coagulant. Bentonite flocs were 
found to be more bulky and to occupy 
more volume on settling than flocs 
formed with filter alum. They found 
that there must be present a minimum 

concentration of 100-ppm total dis- 
solved solids for bentonite to swell and 
flocculate. They further noted that 
due to exchange capacity the use of 
bentonite provides some softening ac- 
tion. The jar test does not appear to 
have been used in this work. 

Baylis (21) in his important studies 
of activated silica as a coagulant aid 
employed 1-liter beakers and a stirring 
velocity of 1 fps. Flocs were described 
as “just visible,” “small particles,” 
“fairly good,” “good,” “excellent,” and 
“immense.” Observations were made 
over stirring periods up to 30 min. and 
it is believed that this is the first in- 
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stance in which the term “immense” 
appears in the water works literature. 


Samuel L. Tolman (22) in his 1942 
article on flocculation practices at Indi- 
anapolis described a laboratory mixer 
consisting of two 4} xX 3-in. vertical 
arms attached to two horizontal arms 
1 in. from the vertical shaft. Variable 
speed was provided, 1-liter samples 
used, and 20-min stirring periods fol- 
lowed by 30-min detention periods were 
found to duplicate plant performance. 

J. B. Nickel (23), in his comprehen- 
sive discussion of jar test techniques, 
states that uniform results cannot be 
expected with samples of less than 1 
liter, and that little is to be gained by 
employing larger samples. He states 
that total mixing time may vary from 
10 to 45 min, using 2-in. or 3-in. 
blades, and suggests 100 rpm for rapid 
mix and 25-40 rpm for slow mix. 

R. W. Ockershausen (24), in dis- 
cussing factors in the jar test, prefers 
2-qt samples, although he states that 
l-qt samples are adequate. He em- 
phasizes that the stirring machine 
should be started before the coagulant 
is added. The initial rapid mix, which 
may be of one or more minutes, is to 
be followed by a slow mix period of 
from 10 to 30 min. 

Langelier and Ludwig (25) in their 
important study of the flocculation of 
turbid waters employed a stirring de- 
vice having 8 jars. They used 200-ml 
samples and a stirring velocity of 72 
rpm. Following 10-min rapid mix, 
samples were settled and tested. 

Cross, Gallaher, Filicky, and Hassler 
(26) in their studies of the removal of 
synthetic detergent by coagulation used 
1-liter samples of Lake Michigan water 
and a 15-min mixing period at a speed 
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of 44 rpm. Samples were allowed to 
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~ settle for 30 min, after which turbidities 


were determined. 

C. R. Henry (27), in his studies of 
activated silica as a coagulant for lime 
softening, used 2-liter samples, a 5-min 
rapid mixing period at 160 rpm, fol- 
lowed by a 15-min slow mixing period 
at 40 rpm. 

Smith, Cohen, and Walton (28), in 
their study of the effect of synthetic 
detergents on coagulation, employed a 
six-place laboratory stirrer, 1-gal wide- 
mouth, square sided jars, and 2-liter 
samples. Following the addition of 
coagulant, samples were stirred for 30 
min at 42 rpm, which provided a pad- 
dle tip velocity of 43 fpm. Time of 


first floc formation was noted and ob- 
_ servations of floc quality made during 


the coagulation period. Coagulated 
samples were allowed to settle for 60 
min before testing. 

Straub, Morton, and Placak (29), in 
their studies on the removal of radio- 
active contaminants from water by co- 
agulation, employed a 3-min rapid mix- 
ing period, followed by a 27-min slow 
mix and a settling period of 30 min. 
Size of samples and mixing velocities 
are not given. 

Rolf Eliassen (30) and his group in 


a 7 their basic studies of coagulation used 
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a six-unit stirring machine and a mix- 

ing period of 20 min at 40 rpm. 
George D. Norcom (31) recom- 

mends a multiunit machine and states 


that either 1-qt or 1-gal jars may be 


used, although the latter are preferable. 
A 3-min rapid mixing period is to be 
followed by a 15-min slow mixing pe- 


riod and 3 hr of settling. Mixing ve- 


locities are not stated. 
Charles R. Cox (32), in discussing 


the jar test, recommends a multiple 
_ stirrer unit, 1-liter samples, and a mix- 
_ ing period which may vary from 10 to 
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30 min at velocities of 30-100 rpm. 
He states that the required degree of 
agitation and the mixing period are 
inversely related—that is, a higher de- 
gree of agitation is required for a 
shorter mixing period. Plant condi- 
tions should be duplicated as far as 
possible. 

R. F. Packham (33) reports that 
the situation in Great Britain is similar 
to that in this country in that, in his 
own words: “None of these machines 
are alike.” The jar test machine used 
by his group of the British Waterworks 
Association is provided with six stir- 
rers. Each stirrer is made up of four 
vertical flat blades, } in. wide and the 
radius of the stirrer path is 2 in. In 
conducting the jar test, 1,000-ml tall 
round jars are used. A 2-min period 
of rapid mix at 200 rpm is followed by 
a 15-min period of slow mix at 20 rpm. 
After 10 min. settling, 200-mm samples 


are carefully decanted for > 


Question of Standardization 


As has been stated previously, re- 
sults of the 32 questionnaires which 
were returned indicate, as have the nu- 
merous references cited, that there is 
no uniformity among different labora- 
tories or workers in carrying out the 
jar test. It does appear, however, that 
the majority of workers employ a fairly 
short period of rapid mixing followed 
by a longer period of slower mixing. 
Furthermore, there is a definite tend- 
ency, specifically stated by many work- 
ers, to attempt to duplicate as far as 
possible in the jar test conditions found 
in individual plants. 

Since the jar test carried out under 
widely differing conditions has unques- 
tionably been the most valuable single 
tool in the hands of the water chemist 
in applying the process of coagulation 
to water, it may be asked if the test can 
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be or should be standardized. Many 
feel that it should, since by so doing 
comparison of results and exchange of 
information between different labora- 
tories would be facilitated. 

Thomas R. Camp (34), in discuss- 


ing this question, states: 


Other questions which arise in consid- 
ering the advisability of standardization 
are the objectives of the jar test. If the 
jar test is for the purpose of determining 
the optimum pH or the optimum dose of 
coagulant in routine plant operation, the 
time required for first appearance of floc 
in a Tyndall cone may be used as a pa- 
rameter. In this case, the settleability of 
the floc does not become a complicating 
factor. If, on the other hand, the pur- 
pose of the jar test is to determine the 
violence of the agitation and the required 
time of coagulation and the design factor 
for sedimentation, flocculation must be 
followed by sedimentation in the same 
container or jar. Many complicating fac- 
tors arise in this connection relative to 
standardization of the jar test... . It 
should be emphasized that it is not pos- 
sible to develop a laboratory mixing de- 
vice which is a true hydraulic model of 
a prototype mixing chamber for the rea- 
son that the floc itself is full scale in 
both laboratory device and the prototype. 
If, however, the laboratory stirring device 
is geometrically similar to a prototype 
mixing chamber, the liquid flow pattern in 
the mixing chamber may be reproduced 
in the laboratory stirring device in con- 
formity with model laws. 


In view of the fact that there is no 
single basic theory of coagulation to 
which all workers subscribe, it does not 
seem possible or feasible to attempt at 
this time to standardize the jar test. 
This must await a clarification of cer- 
tain fundamental questions which still 
remain to be answered. In the mean- 
time, it may be stated that of all the 
factors influencing the carrying out of 
the jar test the following would appear 
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to be those which are most important 
and upon which agreement should be 
reached as soon as possible: 

1. The size of the sample 

2. The size and shape of the con- 
tainer 

3. Peripheral speed and time of 
rapid mix 

4. Peripheral speed and time of slow 
mix 

5. Criteria for establishing optimum 
dosage. 

It is believed that if these five fac- 
tors can be standardized, substantial 
agreement would be realized between 
work carried out by different individu- 
als in different laboratories. Mean- 
while, one cannot escape the conclusion 
that even though methods for conduct- 
ing the jar test vary widely, it still re- 
mains by all odds the most valuable 
tool in the hands of the water chemist 
to determine the best and most eco- 


nomical dosage for a given water. : 
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Improved Jar Test Procedure 


Jesse M. Cohen 


A contribution to the Journal by Jesse M. Cohen, Chemist, Robert A 
Taft San. Eng. Center, USPHS, Cincinnati, Ohio. 


HE jar test, in spite of its known 

shortcomings, has proved valuable 
in water plant operation, particularly in 
the hands of an experienced individual. 
When the jar test is required in coagu- 
lation research, however, need for an 
objective and quantitative measure of 
the results of the test soon becomes ap- 
parent. In conjunction with coagula- 
tion investigations undertaken at the 
Robert A. Taft Sanitary Engineering 
Center, a method was developed which 
has largely filled this need. 

Settling rate of a floc was deter- 
mined by Camp, Root, and Bhoota (1) 
by analyzing for iron in a series of 
samples withdrawn at measured time 
intervals from six jars during the set- 
tling period. From these data, a curve 
was constructed by plotting percentage 
of iron remaining against settling time 
in minutes. Samples were siphoned 
out successively from each jar through 
copper sampling tubes from a depth 
of 2} in. above the bottom of the jars. 
The problem in this procedure was the 
difficulty in obtaining samples from six 
jars simultaneously. With rapidly set- 
tling floc, small differences in sampling 
times introduce errors which preclude 
comparison of the resulting curves. 

Attempts to use determinations of 
iron to define the settling rate resulted 
in inconsistent results, which were 
ascribed to the uneven distribution of 
the floc due to its varying size. Fur- 
ther, an important effect of a coagula- 


tion was ignored, namely removal of 
turbidity. In the procedure described 
turbidity rather than coagulant ion, for 
example, residual aluminum or iron, 
was determined. This modification has 
additional advantages in that turbidity 
determinations are made rapidly, are 
subject to no ion interferences, and 
do not depend on the availability of a 
chemical analytical procedure. Lack 
of a suitable analytical method for small 
concentrations of aluminum ion pre- 
cluded determination of settling rate of 
alum floc. Determination of turbidity, 
in addition to yielding data for settling 
rate, also defines the quality of a co- 
agulation by indicating the amount of 
particulate matter, other than floc, re- 
maining in suspension. 


Laboratory Apparatus 


Construction of settling curves for a 
series of six jar tests requires that sam- 
ples be obtained from each of the jars 
within time intervals as short as 1 min. 
For the settling curves to be directly 
comparable, samples must either be ob- 
tained as nearly simultaneously as pos- 
sible or sampling times must be known 
accurately. This requirement becomes 
strikingly apparent in tests where 95 
per cent of the floc settles within 3 min. 

To meet this requirement effectively, 
a sampling device was developed which 
permits simultaneous removal of small 
samples at a predetermined depth from 
six jars. Each set of samples can be 
obtained within 5 sec, and successive 
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sets of samples can be obtained within 


2 sec. This rapid and simultaneous 


sampling from six jars is accomplished 
by the device shown in Fig. 1. 

This apparatus is easily constructed 
from materials present in most labora- 
tories and from certain items which are 
otherwise readily available. Basically, 


Fig. 1. 


This device permits simultaneous and rapid sampling from six jars. 
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tention, the rate of sampling being con- 
trolled by the control valve (Item 10 
in Fig. 1). 

Details of construction shown in Fig. 
1 are: 


1. Six-place mechanical stirrer 
2. Six wide-mouth square jars, each 
1 gal capacity 


New Jar Test Apparatus 


Numbers refer 


to details of construction explained in the te-xt. 


the device obtains samples from each 
of the six jars by applying controlled 
reduced pressure to small sample con- 
tainers. Sample containers are indi- 
vidually connected to a vacuum mani- 
fold. Control of the vacuum to each 
bottle is afforded by small needle 
valves. These valves must be adjusted 
once and thereafter need no further at- 


3. Stainless steel stirring paddle, 
xX in. 

4. Glass sampling tubes, 1.5-mm ID 
bore, positioned at midwater depth 
which corresponds to 2 in. below the 
water surface 

5. One-hole No. 6 rubber stopper, 
slotted to fit over edge of jar to support 
sampling tube 
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6. Rubber or plastic connecting tub- 
g, 4.0-mm ID 

7. Sample bottles (60 ml), each 
tted with a two-holed rubber stopper 
Number of bottles depends on time 
nterval desired, each time interval re- 
1iring six bottles.) 

8. Wood support drilled to hold se- 
irely six sample bottles 

9. Small brass regulating needle 
ilves, which may be purchased from 
juarium supply houses (Two two- 
utlet valves positioned at both ends 
nd five three-outlet valves. ) 

10. Control valve, the only valve op- 
ated during sampling 

11. Tubing connected to a vacuum 
urce, which may be mechanical or a 
ater aspirator. 


In a typical operation, the apparatus 
is set up as illustrated in Fig. 1. 
Valves to each sample container are 


open to the proper adjustment, but the 


control valve is closed. Immediately 
following coagulation, the interval 
timer is set for the desired settling 
period. At the proper time the control 
valve is opened and samples from each 
of the six 1-gal jars will flow to the 
sample containers. These sample bot- 
tles are replaced with empty containers, 
and another set of samples may be 
obtained. The apparatus permits the 
obtaining of a set of samples once a 
minute. 

Following collection of samples, de- 
terminations for turbidity are rapidly 
made by using a spectrophotometer or 
filter photometer previously calibrated 
against a standard turbidity suspension 
obtained by measurement with the 
Jackson candle turbidimeter. Turbid- 
ity values obtained with the spectro- 
photometer reflect the presence of both 
clay particles and fine floc. Turbidity 
measurements, dependent on decrease 


of light transmission, are inherently 
sensitive to particle size. Since the size 
of the particles in these measurements 
varied from colloidal clay to fine floc, 
some difficulty with turbidity measure- 
ment was anticipated at first. Experi- 
ence with this type of turbidity meas- 
urement for construction of a settling 
curve, however, has proved that fears 
of difficulty were unwarranted. Deter- 
mination of turbidities on samples ob- 
tained at 1l-min intervals from a co- 
agulation jar has invariably resulted in 
a smooth curve. 

Various methods of plotting the re- 
sults of turbidity measurements were 
investigated, the final choice being a 
plot on semilog paper of percentage tur- 
bidity remaining on the log scale 
against time in minutes on the arith- 
metic scale. 


Typical Data 


In the past 2 years several hundred 
settling rate curves have been obtained. 
Inspection of any individual set of 
curves allows an exact evaluation of 
the quality of coagulation obtained. 

To determine the reproducibility of 
the settling curves, six identical coagu- 
lations were made using alum and a 
synthetic turbid water. An amount of 
10 mg/l of alum was added to water 
containing 106 units of turbidity. 
Flocculation was continued for 30 min, 
following which samples for turbidity 
measurement were taken at 1, 2, 3, 5, 
and 30 min of settling. The resulting 
set of six replicate tests was analyzed 
statistically to determine the reprodu- 
cibility of the method. 

The data obtained from each of the — 
six jars were used to plot six corre- 
sponding settling rate curves on semi- 
logarithmic graph paper. Analysis of 
variance of these data showed that the 
settling rates were the same in each 
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of the six jars within the limits of the 
errors of measurement. 

The curve shown in Fig. 2 was fitted 
by the least-squares method. This 
curve is the best linear predictor of 
those turbidities corresponding to set- 
tling times within 1-30 min range, and 
should be looked upon as an adequate 
approximation, within the limits of ex- 
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Settling Time— min 


Fig. 2. Settling Rate for 
Identical Coagulations 


The curve was obtained from results of 

six coagulations, each using 10 mg/l alum 

in water with 106 units of turbidity. 

The insert shows results at the end of 

30-min settling time. Samples were taken 
at times indicated by symbols. 


perimental error, to some exact func- 
tional relationship. 

At zero minutes settling time, a 
boundary condition exists such that 100 
per cent turbidity remains. The fitted 
line was not required to pass through 
this point, since no data exist which 
permit a test of the adequacy of the 
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linear approximation when settling 
times shorter than 1 min are considered. 

The standard error of turbidity 
measurements made on the samples 
drawn simultaneously from different 
jars was found to be 8.6 per cent. The 
error was the same for settling times 
ranging from 1-30 min, during which 
time the turbidity varied between 70 
per cent and 5 per cent of the initial 
amount. 

For this set of coagulations, the ob- 
servations were plotted linearly on 
semilog paper during the first 5 min. 
The floc settled during these first 5 min 
at a rate such that 64 per cent of the 
turbidity present at the start of each 
minute was still present at the end of 
that minute. Between 5- and 30-min 
settling time, the average settling rate 
was much slower, the average residual 
turbidity after each minute of settling 
amounting to 97 per cent as compared 
to the 64 per cent for the first 5 min. 

The jar test is frequently employed 
to determine the amount of coagulant 
required for good coagulation. The 
object is to produce the best possible 
floc which will properly clarify the 
water with the least amount of chemi- 
cals. In conventional practice the abil- 
ity to tell whether or not the dosage is 
satisfactory is largely dependent on the 
extent of experience of the technician. 
With the method described, such ex- 
perience is not necessary. In addition, 
a permanent record of coagulation re- 
sults is acquired and may be filed for 
reference or for later study. Figure 3 
shows the settling rate curves of a se- 
ries of ferric sulfate coagulations. In- 
formation was desired on the amount of 
ferric sulfate coagulant required to pro- 
duce the best coagulation in a water 
known to contain an interfering sub- 
stance. A single series of jar tests sup- 
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plied the necessary information. The optimum dose of ferric sulfate in this 
original turbidity of the water was 95 
nits. In this series of coagulations, 
‘sidual turbidities greater than 5 units 
the effluent after settling for 60 min 


ere considered unsatisfactory. 


This 


‘iterion immediately eliminates the 
doses of ferric sulfate up to and includ- 


ing 30 
tained with 24 mg/l. 


No coagulation was ob- 
The 32-mg/I 


series of coagulations. 

Besides providing information on 
the rate of settling of a floc and degree 
of clarification, additional information 
may be obtained on the quality of co- 
agulation from the shape of the curves. 
Figure 4 shows several types of set- 
tling rate curves frequently obtained. 
Curve A indicates a coagulation which 
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dose almost meets this requirement 
with a residual turbidity of 5.7 units, 
and represents the minimum amount of 
coagulant. An increment of just 2 
mg/I of ferric sulfate, however, resulted 
in a final turbidity of three units and, 
in addition, produced a more rapidly 
settling floc. This dose, 34 mg/l, 
then, is clearly and unequivocally the 


Settling Time— min 


Fig. 3. Effects of Increasing Amounts of Coagulant 


Ferric sulfate was added to six jars in amounts shown. 
nal turbidity of the water was 95 units. 
pling points. 


6 7 8 9 10 60 


Origi- 
Dots indicate sam- 


produced a uniformly fine floc so small 
that at the end of 1—2-min settling the 
supernatant had a turbidity higher 
than the starting water, due, in part, 
to the fine floc which resisted settling. 
Settling was slow, and the final tur- 
bidity excessive. This coagulation 
would not be satisfactory in a water 
treatment plant. Curve B represents 
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the most common type of settling rate 
obtained. During the first 5 min, the 
settling rate curve is practically a 
straight line on a semilog plot. Set- 
tling was rapid and clarification was 
satisfactory. The coagulation repre- 
sented by curve C shows that a mixture 
of large rapid-settling floc and small 
slow-settling particles was obtained. 
Settling was rapid for the first 2 min 
but with little further clarification after 


Li 


Turbidity Remaining — per cent 


Settling Time — min 


Fig. 4. Types of Curves Frequently 
Obtained 


Shapes of curves indicate types of set- 
tling rates obtained with alum coagula- 
tion in water with original turbidity of 
100 units. All curves are analyzed in the 
text, with Curve D representing the best 
results. Dots indicate sampling points. 


that. High residual turbidity may also 
have resulted from incomplete clarifi- 
cation. Curve D represents the ulti- 
mate in coagulation. Practically all of 
the floc particles were so large and 
dense that 97 per cent settled within 
3 min. Sedimentation was essentially 
complete within that time, since only 
0.5 per cent additional floc settled in 
the next 27 min. Final clarity of the 
supernatant was entirely satisfactory. 
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This coagulation was obtained with a 
coagulant aid. 


Discussion 


Research in coagulation very fre- 
quently requires observation of the ef- 
fect of certain variables on the quality 
of coagulation. Generally, the effects 
produced by these variables are so 
subtle that they are not readily ob- 
served, and more refined measurements 
than judgment alone are necessary. 
The method described has supplied the 
required objective type of data to 
enable detection of small differences 
in a coagulation. Further, it has been 
possible to run a long series of coagula- 
tions investigating perhaps a single 
variable over a period of a week or 
more with conclusions on the quality of 
floc deferred until completion of data 
collection. Records thus available per- 
manently describe a coagulation in un- 
equivocal terms. 

A possible deterrent to more wide- 
spread use of this method is the length 
of time needed to run a series of six 
coagulations. Although in common 
practice visual judgment of a series of 
coagulations may be made during the 
coagulation and settling period followed 
perhaps by a single determination of 
final turbidity, the present method re- 
quires additional time to determine tur- 
bidity on four or five samples from each 
jar. These data are then used for cal- 
culating and plotting of settling rate 
curves. This operation adds about an 
hour’s work. The additional time re- 
quired for each set of coagulations, 
however, has made possible work which 
could not have been accomplished as 


effectively without this method. ra 


Summary 


An improved method of jar testing 


in coagulation work has been pre- 
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ented which minimizes the need for 
personal judgment and experience in 
malyzing the data obtained. Results 
re reproducible and yield a perma- 
nent record for future study. The 
ettling rates obtained describe several 
mportant characteristics of a coagula- 
tion, including uniformity of floc size, 
ize and denseness of floc particles, and 
legree of clarification of the water. 
The settling rate allows detection of 
mall but important differences among 
oagulations with little additional work. 
settling rate determination has pro- 
vided a valuable analytical tool in re- 
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research on coagulation, without which 
some of the work could not have been 
accomplished. 

The author wishes to acknowledge 
the help of George Rourke, who per- 
formed most of the laboratory work, 
and K. A. Busch, who statistically ana- 
lyzed the data and aided in the prepara- 
tion of the section on reproducibility. 
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Influence of Bicarbonate Ion on Inhibition on 
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of Corrosion by Sodium Silicate 
in a Zinc-Iron System 7 


A contribution to the Journal by Henry L. Shuldener, Pres. and Tech. 
Director, Water Service Laboratories, Inc., New York, N.Y., and 
Leo Lehrman, Prof. of Chemistry at the City College of New York, 


New York City. 


INC is used as a protective coating 

for ferrous pipe in two ways—dur- 
ing storage, as a physical barrier to 
rusting due to contact with moisture 
and when water is flowing through 
galvanized piping as a sacrificial metal. 
Zinc as a protective coating against 
internal corrosion of water piping, 
however, has fallen far short of ful- 
filling its purpose. 

In the hot-dip process, layers of zinc- 
iron alloy are formed close to the iron 
surface with pure zinc on the outside 
(1). The thickness of the zinc coating 
varies not only from pipe to pipe, but 

even on short lengths (6 in. and 14 
in.) of the same pipe (2). There may 
be factors, however, such as the com- 
position of the iron or steel, which lead 
to imperfections in the zinc coating 
(1). Furthermore, certain metals af- 
fect the corrosion of zinc; for instance, 
the presence of 1 per cent or more of 
tin in the zinc accelerates the corrosive 
attack by water on the zinc coating 
(1, 3). Bialosky (4) says there are 
conflicting statements as to the protec- 
tive part the zinc plays, and Uhlig (5) 
states that if there is a small break in 
the zinc, the iron underneath will rust. 
Some experimenters believe the zinc 
; S gives only temporary protection to the 
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iron until a protective coating of cal- 
cium carbonate or corrosion product 
is deposited (3, 6, 7). Haase (8&) 
claims zinc is not protective to iron in 
water and is good only for storage and 
appearance. Kenworthy and Smith 
(9) show that zinc and zinc-iron alloys 
act differently ; that although zinc pro- 
tects iron in cold water, it fails to do 
so in hot water if the iron is exposed. 
Sereda, Thomas, and Cohen (10) state 
that pitting results when iron is ex- 
posed in hot water and that this is 
an erratic and unpredictable process. 
They also state that the zinc coating 
is the initial barrier against pitting, 
but that the final protection is provided 
by a scale deposited from the water 
and which may or may not contain cor- 
rosion products. 


Effectiveness of Zinc 


Thus it appears that zinc gives only 
temporary protection. Several factors, 
especially thickness of the zinc layer 
and the presence of imperfections, play 
a part in the effectiveness of the zinc. 
Bialosky (4) says that the cause of de- 
terioration of galvanized iron is not 
thinness of the zinc coat or declining 
manufacturing skill, but, simply, the hot 
water. Recently, Evans (11) stated 
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that corrosion of zinc always started 

locally, as a physical imperfection. 

It has been the general concept that 
the coating of zinc which formed the 
galvanized layer acted in an electro- 
chemical way to protect the underlying 
iron or steel (Fig. 1). Schikorr (12), 
however, published data in 1939 to the 
effect that under certain conditions— 
especially above 140°F—zinc became 
cathodic to iron. Later, Roters and 
Eisenstecken (13) showed that zinc 
becomes cathodic to steel at room tem 
perature, especially in the presence o 
carbonates. Hoxeng and Prutton (14) 
from the measured potentials of zinc 
and steel, made separately and in vari- 
ous composition waters at different 
temperatures, concluded that the “re- 
versal of potential” namely, zinc be- 
coming anodic to iron, depends upon 
both the water composition and the 
temperature. They found that, of the 
two ions which cause reversal in the 
presence of oxygen—that is, bicarbo- 
nate and nitrate—an increase in tem- 
perature will increase the probability 
of reversal by the former but has no 
effect on the latter. Hoxeng (15), in 
a later publication, showed that chlo- 
ride, sulfate, calcium, and silicate ions 
(especially the latter two), shifted the 
potential of zinc in the anodic direc- 
tion. He also demonstrated that in 
the reversal process it is the potential 
of the zinc that is changing and not that 
of the iron. 

Recently, Guest (16) reported re- 
versal of potentials of zinc and steel at 
60°, 70°, 80°, and 90°C. It was quick- 
est at 70°C (158°F). It is interesting 
to note that 160°F was selected for the 
experiments reported in this article be- 
cause it was the highest temperature 
at which reliable and reproducible re- 
sults could be obtained. Thus it ap- 


pears that the protection of galvanized 


piping requires treatment on the water, 

especially when the water is hot. 

Inhibition by Sodium Silicate mi 


Inhibition of corrosion of 
piping carrying potable water by con- 
tinuous introduction of small amounts 
of sodium silicate (an average of 8 
ppm SiO,) has been successfully car 


Fig. 1. Cleaned Section Galvanized 
Wrought Iron Hot-Water Pipe 


Effect of reversal of potential is shown by 

extensive areas of galvanizing still pres- 

ent. Arrow points to galvanized layer 
present up to edge of pit. 


ried on for 30 years (17, 18). The 
sodium silicate forms a protective film 
of initial corrosion products and silica 
on the surface of the pipe. Denison 
and Romanoff (2) tentatively attribute 
the high corrosion resistance of gal- 
vanized pipe buried in soil to a siliceous 
film deposited cathodically by galvanic 


action of the two metals. 
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In an effort to understand further 
the mechanism of the inhibition of cor- 
rosion by sodium silicate, a study of 
the effect of some of the components 
naturally occurring in 

undertaken. 


water was 


Experimental Procedure 


To test corrosion inhibitors rapidly, 
Ryznar and Green devised a simple 
apparatus (19). They rotate a piece 
of smooth steel at a known rate (1,750 
rpm) for 24 hr in solutions of inhibi- 
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The design of the test pieces was 
based on two observations of field con- 
ditions: [1] The examination of many 
samples of galvanized piping purchased 
in the open market revealed skips, 
flaws, and pits in the galvanizing—that 
is, the underlying iron surfaces were 
exposed. Subsequent use of such pip- 
ing in domestic hot water systems 
showed that corrosion and pitting were 
severe where the iron was exposed. 
This confirms the findings of other 
workers in this field (5, 9, 10, 11). 


Fig. 2. Apparatus Used in Experiment 


tors, determining the potential against 
a standard calomel cell. The effective- 
ness of the inhibitor is then evaluated 
from the appearance of the sample and 
the potential measurements. 

The apparatus used in the present 
work, as shown in Fig. 2 and 3, is a 
_ modified form of the Ryznar and Green 
apparatus. In order better to approxi- 
mate practical conditions, test pieces 
were of 4-in. galvanized pipe, 1.5 in. 
long, 1 in. of which had twelve 1-mm 
wide grooves cut through to the steel. 
The ratio of exposed zinc to iron in the 
l-in. length is approximately 1.5:1. 


[2] Threaded joints of galvanized hot- 
water piping——where iron surfaces are 
exposed by removing galvanizing dur- 
ing threading—were most severely af- 
fected by corrosion. Both these obser- 
vations emphasize the fact that, in the 
corrosion of galvanized piping, there is 
an iron-zinc bimetallic system to be 
considered. 

A 3-in. length of 4-in. dowel was 
inserted in the pipe sample so that its 
end was flush with the end of the pipe. 
Both ends of the pipe with the dowel 
in it, were coated with a water-resistant 
varnish so that only the outside wall of 
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the pipe was exposed. The dowel fit 
into the chuck of the motor so that only 
l-in. of the pipe (the grooved portion) 
was in contact with 600 ml of solution. 
The motor rotated at 1,750 rpm, which 
is equivalent to a peripheral velocity 
of about 1.9 fps. Approximately 1.25 


TABLE 1 
Data From Experiments to Determine Factors Affecting Corrosion 


mens but not close enough to have any 
bubbles impinge on them. A stirring 
effect was produced by the action of 
the rotating specimen and by convec- 
tion currents from the bottom of the 
beaker. The 2-liter reservoir bottle, 
containing CO,-free distilled water was 


Initial Composition of Water*—ppm Silicate Nee 
Experiment pH Range Elapse 
pom SiOr When Rust 
SiOz HCO;s- Cat? SOw- Appeared 
1 2.0 4 6 il 71 1 
2 8.5 4 6 11 8.4 2 - 8.5 _-t 
3 2.0 14 6 11 7.3 1 
4 8.5 14 6 11 8.4 1.5- 7.5 1 
5 16.0 14 6 11 9 § -14.5 4 
6t 8.5 14 6 11 8.4 7.5-— 8.5 -—t 
7§ 8.5 14 16 11 8.4 2 - 6.5 1 
8|| 8.5 14 16 35 8.4 2-8 1-2 
# 8.5 14 6 38 8.4 2-7 1 
102 8.5 14 6 51 8.4 t =-7 1 
8.5 14 6 16 2.5— 8.5 4 
Fae 8.5 14 6 15 7.5 3 - 85 —t 
53°° 8.5 14 6 14 8 2.5- 6 1 
Sed 16.0 14 6 15 8 5 -14 1-2 
15 8.5 54 6 11 8.4 4-75 i 
16° 8.5 54 6 15 8 4-85 1 
8.5 54 6 15 8 7 —t 
18 16.0 54 6 11 9 6.5-15.5 1 
19t 16.0 54 6 11 9 11.5-15 —t 
rate 8.5 54 6 16 7.5 5 - 9.5 1-2 
> bs 8.5 54 6 20 7 3.5- 8.5 1-2 
a 8.5 54 6 26 6.5 3-8 —t 


* Unless otherwise indicated, water used was Catskill water at 160°F. 


+ No rust apparent after 4 days. 
Room temperature (72°F). 
CaCl: solution used. 

Saturated solution CaSO, used. 
Na2SO, solution used. 
** pH adjusted with dilute H2SO.. 


sqin. of metal surface was exposed. 
The temperature of the solution was 
kept within + 2°F by means of a ther- 
mostatically controlled heater under the 
beaker of solution. Carbon dioxide- 
free air, obtained by passing the air 
through soda lime, was bubbled into 
the solution near the rotating speci- 


arranged to maintain a constant level 
in the beaker in order to keep the 
solute concentration constant. The ex- 
periments were run continuously for 4 
days, with the solutions changed and 
analyzed daily and the specimens (Fig. 
4) visually inspected for rust with a 
magnifying glass. Each experiment 
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was run in duplicate. If the results 
were not consistent, they were repeated 
twice in duplicate. 

The factors affecting the rate of cor- 
rosion that were studied in this work 
were temperature, pH, sodium silicate 
solution of 1:3.22 (Na,O:SiO,), bi- 


carbonate ion, calcium ion, and sulfate ~ 


ion. Table 1 gives the results of the 
experiments. Table 2 shows an analy- 
sis of Catskill water. 

Some preliminary experiments 
showed that maximum corrosion was 
obtained if ordinary air (containing 
CO.) was used. However, in order 
to be able to control the bicarbonate 
ion, CO,-free air was employed. 


Results 


The experimental data show that 
silica is always removed from water to 
which silicate had been added when in 
contact with iron and zinc, resulting in 
a deposit on the specimen. Further- 
more, the results show that silica is 
removed from solution whether or not 
rust is visually apparent. The rate of 
removal of silica from solution by the 
specimens decreases with the number 
of days exposed. 

These results confirm those previ- 


ously found by the authors—namely — 
that silica is taken up by solid corrosion | 


products of the metal to form a protec- 
tive deposit, and that zinc hydroxide 
is much more effective than ferric hy- 
droxide in removing silica from water 
to which small amounts of sodium sili- 
cate had been added (17, 18). Thus 
an explanation of the results obtained 
in the present work becomes evident. 

Hoxeng (15) had shown that sili- 
cate shifts the potential of old zinc in 
the anodic direction. Where silicate is 
present the zinc is anodic to the iron, 
and it corrodes to form zinc hydroxide 
which adsorbs silica from the silicate 
solution to form a protective deposit 


over the whole metal (Experiment 2, 
Table 1). When bicarbonate is pres- 
ent, especially at higher temperature, 
Hoxeng showed there is a reversal of 
the zinc-iron potential. The authors 
found the same result (Experiment 3, 


2-Liter Flask Containing 
CO,-Free Distilled Water 


Constant-Speed 


Motor 


_1-Liter Pyrex 
Beaker 


Grooved Specimen 


Constant 
- Temperature 
Heater 


Diagram of One Unit of Appara- 
tus Shown in Fig. 1 


Fig. 3. 


Table 1). Therefore, when both sili- 
cate and bicarbonate are present in the 
solution at higher temperature, two 
opposing effects take place, the silicate 
tending to make the zinc anodic to iron 
and the bicarbonate tending to do the 
reverse. Thus it appears under these 
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conditions that the zinc first corrodes 
to form a zinc corrosion product which 
removes silica. Probably at some point 
when the concentration of silicate be- 
comes low enough the reversal takes 
place with the consequent formation 
of an iron corrosion product. Because 
of the lowered concentration of silicate 
and the slowness with which the iron 
corrosion product takes up silica from 
the solution, some rust becomes evident. 


Temperature Effect 


Temperature effects can be seen 
from a comparison of Experiments 4 
and 6, 16 and 17, and 18 and 19. 
These show rates of corrosion consid- 
erably higher at 160°F than at 72°F, 


other conditions being the same. 


Effect of pH 


The effect of pH is shown by com- 
paring Experiments 4 and 13 with 11 
and 12; and 15, 16, 20, and 21 with 22. 
These data show that decreasing the 
pH from the range of 8.4 and 8 to 7.5 
and 7 in the solutions containing so- 
dium silicate (8.5 ppm SiO,) and bi- 
carbonate (14 ppm HCO,-) reduces 
the rate of corrosion; the same effect 
is produced when the pH of solutions 
containing sodium silicate (8.5 ppm 
SiO, ) and bicarbonate (54 ppm HCO,-) 
is reduced from the range of 8.4 and 
7 to 6.5. These results must be con- 
sidered in the light of the experimental 
technique—that is, blowing CO,-free 
air through a hot solution in open 
beakers, which undoubtedly removes 
CO, from the solution. As the pH is 
decreased to below 8.5, the concentra- 
tion of bicarbonate is decreased as 
shown in Table 3 (27). Although 
these values were determined at room 
temperature, it has been assumed for 
this discussion that the same trend 


holds for higher temperatures, = 


— 
CORROSION 


Effects of Bicarbonate 


As CO, is lost the concentration of 
bicarbonate decreases. A comparison 
of Experiment 5 with 14 shows that a 
rise in pH from 8 to 9 decreased the 
rate of corrosion. It will be noted 
that as the pH increases in this range 
the concentration of bicarbonate de- 
creases. Thus it appears that the effect 
of pH on the corrosion rate is related 
to the amount of bicarbonate present. 

The effect of bicarbonate is closely 


TABLE 2 7 
Typical Composition of New York City 
Water—Catskill Supply * 


Constituent ppm 
Total hardness (CaCO;) 22 
Calcium hardness (CaCO;) 15 
Magnesium hardness 
(CaCOs) 7 
Alkalinity, methyl orange 
(CaCO;) 11 
Alkalinity, phenolphthalein 
(CaCO;) 0 
Carbon dioxide (CO) 3 
Chloride (Cl) 2 te 
Sulfate (SO,) 11 
H 


* Data from work by S. Sussman (20). 


associated with the pH of the solution. 
Yet, at all the pH values in this work 
the concentration of bicarbonate with 
relation to the concentrations of CO, 
and CO, was high. Comparing Ex- 
periments 4 and 2 shows that bicar- 
bonate accelerates the rate of corrosion. 

Not until the pH is lowered to 
7.1-7.5, which decreases the amount of 
bicarbonate, is the accelerating effect 
of bicarbonate on corrosion reduced. 
This is shown in Experiments 11 and 
12 as compared with 4. 

Furthermore, with a higher concen- 
tration of bicarbonate the rate of cor- 
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-rosion is higher under the same condi- (Compare Experiment 14 with 
tions than with a lower concentration 
of bicarbonate. (Compare Experi- 
, ments 20 and 21 with 11 and 12, and 

_ Experiment 18 with 5.) With the 
_ higher concentration of bicarbonate, 
_ when the pH is lowered to below 8.5, 


It seems quite clear that bicarbonate 
has a very strong influence in causing 
reversal of potential and consequent 
formation of rust at 160°F. This con- 
firms the results of Hoxeng and Prut- 


Fig. 4.—Test Pieces Used in Experiment 


Original specimen is at top; middle view is after 4 days exposure and shows silica 


deposits. 


again decreasing the concentration of 
bicarbonate, the rate of corrosion de- 
creases (see Experiment 22). 

That it is the bicarbonate which ac- 
celerates the rate of corrosion is also 
shown by the decrease in rate when 
the pH is raised above 8.5, which also 
decreases the concentration of bicarbo- 


Bottom specimen shows rust and silica deposits after 4 days exposure. 


ton (15) who used potential measure- 
ments in their study. 

As previously mentioned, Hoxeng 
found that sulfate and calcium ions— 
the latter in the presence of silicate ion 
especially—tended to shift zinc toward 
the anodic position with reference to 
iron. A comparison of Experiments 7, 
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8, 9, and 10 with 4 shows that neither 
calcium ion nor sulfate, nor both, in 
the presence of both silicate and 14 
ppm HCO,,, had any effect on the cor- 
rosion rate. 


Effect of Sodium Silicate ee 


The effect of sodium silicate is seen 
from a comparison of Experiment 11 
with 1. Even in the presence of bicar- 
bonate, which has an accelerating effect 
on the corrosion, sodium silicate (8.5 
ppm SiO,) decreases the corrosion rate 
at the same pH. Experiments 1 and 2 
show that, without considering the ef- 
fect of pH, sodium silicate inhibits 
corrosion, 


Summary 


Rotating galvanized pipe in which 
grooves had been cut to the underlying 
iron (producing a zinc-iron couple) at 
1,750 rpm (equivalent to about 1.9 fps 
peripheral velocity) in water solutions 
through which CO,-free air is bubbled 
indicated the following conclusions : 

1. An increase from 72°F to 160°F 
raises the corrosion rate as shown by 
the rate of formation of rust. 

2. Sodium silicate in the solution 
acts as a corrosion inhibitor and de- 
creases the corrosion rate. 

3. Bicarbonate ion causes a reversal 
of potential with an increase in the cor- 
rosion rate of the exposed iron. 

4. The pH of the solution, which 
controls the concentration of the bi- 
carbonate ion, plays an important part 
in the corrosion rate. (In the pH 
range 8-8.4 with 14 ppm HCO,- and 
in the presence of 8.5 ppm SiO, as 
sodium silicate, the corrosion rate is 
at a maximum. At a pH of 8.5 the 
concentration of bicarbonate ion is at 
a maximum. ) 

5. Calcium or sulfate ion or both in 
the presence of silicate have no effect 
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on the increased corrosion rate caused 
by the bicarbonate ion. 

An explanation is offered for the 
removal of silica from water to which 
sodium silicate had been added, which 
occurred in all the experiments 
whether or not visual rusting took 
place. 
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P Further Study of Solution Effects on Concrete 


A paper presented on May 13, 1957, at the Annual Conference, Atlantic 
City, N.J., by Martin E. Flentje, Research Engr., American Water 
W orks Service Co., Philadelphia, Pa.; and Robert J. Sweitzer, Director 


and Cement in Pipe on 


Martin E. Flentje and Robert J. Sweitzer 


of Research & Development, Lock Joint Pipe Co., East Orange, N.J. 


HE first study on solution effects 
(1) presented at the Chicago 
meeting of the AWWA in 1955 report- 
ing on investigations into the removal 
of calcium from concrete pipe and ce- 
ment linings in water supply service 
concluded : 

1. Concrete pressure pipe is only 
slightly affected by even aggressive 
water over service periods of 25 years 
and longer; and, as a result, there has 
been found no case of failure or even 
serious damage to concrete pipe at- 
tributable to the solution effect of water 
on the concrete. 

2. When new concrete pipe is put 
into use carrying water, some reaction 
takes place that soon stops further solu- 
tion of calcium and leaves the concrete 
in good condition below a surface layer 
of from 5 in. to ys in. in thickness. 
This reaction as yet is not clearly 
understood. 

3. Further study is needed to deter- 
mine why concrete resists solution in 
water works service. 

4. Additional study as to the ef- 
fectiveness of paint seal coats is re- 
quired before reporting the findings. 

This report will cover further inves- 
tigations into the subject of solution 
effects of water on concrete and cement 
in pipe. A method has been devised 


whereby the extent and depth of bi 2 


cium removal from concrete pipe can 
be determined more accurately and the 
results determined by this method con- 
firm previous conclusions. In addi- 
tion, the effective service life of paint 
coatings has been established and some 
progress made in determining the rea- 


son for the cessation of leaching,a phe- 


nomenon reported upon earlier. 

To establish the depth to which solu- 
tion of calcium from the concrete had 
progressed, it was necessary to obtain 
rather thin layers of material from the 
concrete specimens to be examined. 
The removal of the thin, friable layer 
found on all mains that had been in 
service was easily accomplished—the 
removal of subsequent layers was much 
more difficult. Neither hand scraping 
nor mechanical removal on a lathe or 
milling machine was entirely successful, 
but sectioning representative concrete 
specimens with a thin, diamond-tipped 
saw gave samples that were useful both 
for visual examination and chemical 
analysis. Figures 1-3 show examples 
of sectioning done by the saw. 


Analysis of Pipe 


Three pipe samples were chosen for 
further study; these were samples 
from: [1] Portland, Me.——Sample C 


1 


% 
4 


fe 
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Fig. 1. Pipe Sample From Portland, Me. 


~ of the first report (1) and in use for 


3 years (Fig. 1) 


[2] Milton, Pa— 
marked J—a 16-in., spun, prestressed 
concrete cylinder pipe line in service 
9 years (Fig. 2); and [3] St. Peters- 
burg, Fla—Sample B from the first 
report (7) and 25 years old (Fig. 3). 
The Portland pipe was exposed to a 


very soft, low alkalinity, slightly min- 


eralized lake water; the Milton speci- 


_ men was exposed to a similar soft, un- 
_ filtered, mountain water for 9 years 
_ with, however, the protection offered 


a quite hard, bicarbonate type, 


by a paint seal coat. The St. Peters- 
burg pipe at the time of sampling, had 


low- 
incrustant hardness water with a slight 
negative Langelier Index. The types 


of water to which the lines from which 


these samples came were exposed are 


shown in greater detail in Table 1. 


Samples of the inner concrete por- 
tion of these pipes were cut into sec- 


Bg: of the thicknesses mows in Table 


which has not changed significantly in 


‘the samples between the surfaces ex- 
_ posed to water and portions “ the pipe 


Z ratios in different specimens can- 
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not be compared because the original 
cement content varied. 

The acid-soluble material in the 
analyses in Table 2 reflects the compo- 
sition of cement except for the CaO 
derived from the calcareous aggregate 
in the St. Petersburg sample. When 
a correction (2) for the calcareous ag- 
gregate was applied, data were obtained 
as shown in Table 3. 

These results confirm the earlier con- 
clusion (1) that removal of Ca from 
the inner surface of concrete pipe stops 
after an initial action on a relatively 
thin layer of the pipe. Tests indicate 
this partial loss of Ca is limited to some 
depth slightly over 0.075 in. and that 
even in 25 years of service this depth 
is not greatly nor dangerously ex- 
ceeded. It is not believed that the ag- 
gressiveness of a natural water supply 
has a great deal to do with the Ca re- 
moval phenomenon, except that in a 
water at the equilibrium point the sta- 
bilizing period may be much shorter 
than in a more aggressive water. 

Some examinations have been con- 
ducted to determine why the extraction 
of calcium ceases, and the analytical 
results indicate an increase in carbo- 
nates in the inner layer of the pipe and 
an increase in the magnesium content. 
Whether this latter is due to the re- 


TABLE 1 
Characteristics of Water to Which 
Pipe Samples Were Exposed 


Sample 
Item a 


St. Pe- 
tersburg, 
Fla. 


M 


Alkalinity—ppm 
Total hardness—ppm 
Calcium (Ca)—ppm | 
Total solids—ppm | 
pH 

Saturation index 


4 
1442 
4 
| 
| 
| 
evidence of possible extraction lies _ 
; in the cement-lime ratio (Table 3), 
10.0 | 188.0 
7.0| 70.6 
19.0} 245.0 
6.7 7.5 
—3.3 | —0.2 
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moval of some of the Ca alone is hard 
to determine, because of the variable 
character of the laitance and inner 
layer of spun pipe and a lack of knowl- 
edge of the original composition of the 
various sections of the pipe. 

Samples of the inner and second lay- 
ers of the Portland pipe were submitted 
to a laboratory equipped for micre 
scopic, X-ray, and spectrographic ar 
alyses. Results of tests on these tw 
sections nearest the water contact ar 
as follows: 


On the basis of microscopic, X-ray, and 
spectrographic examinations and qualita- 
tive chemical tests, the inner layer ap- 
pears to be composed of a major amount 
of a calcium-aluminum-silicate mixture, 
low major amounts of quartz and mag- 
nesium silicate, a low minor of calcium 
carbonate and a trace of magnetic iron 
oxide. 

Spectrographic analysis: Major—cal- 
cium, silicon, and magnesium ; low major 
—aluminum; low minor—iron. 

As a result of microscopic, X-ray, and 
spectrographic examinations, the next 
3-in. layer contains a major amount of a 
calcium-aluminum-silicate mixture, a low 
major of quartz, a low minor of calcium 
carbonate, and traces of magnetic iron 
oxide and calcium hydroxide. 

Spectrographic analysis: Major—cal- 
cium silicon; low major—aluminum ; low 


minor 


jron and macnesium 
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Ratio Cement/Li 


Pig. 3. 


Pipe Sample From 
St. Petersburg, Fla. ott: 


As the laboratory report shows, the 
only significant difference between the 
two samples is the relatively high amount 
of magnesium in the covering layer on 
the inside of the pipe. The available evi- 
dence indicates that the magnesium is 
present as magnesium silicate although 
positive identification of this compound 
was not obtained. At any rate this point 
would bear more complete investigation, 
since magnesium silicate deposition might 
serve to seal over the concrete and cement 
and prevent further leaching of the cal- 
cium salts. 


This suggests that the formation of 
a magnesium silicate layer or film may 
be the limiting factor in the continu- 
ation of the solution of calcium from 
concrete. These data resulted in an 
experiment on a 4-ft length of new 
16-in. pipe whereby water containing 
300-600 ppm of a magnesium salt was 
passed under pressure through the pipe. 
The water used had the following com- 
position before addition of magnesium : 
total alkalinity, 96 ppm; phenol alka- 
linity, 0 ppm; CO,, 0 ppm; total hard- 
ness, 80 ppm; Ca, 64 ppm; magnesium, 
16 ppm; and pH, 8.0-8.2. 

For 5 days of a 12-day period, the 
high magnesia water was _ passed 
through the pipe, and for the balance 
of the period, the magnesia content was 
raised to 50 ppm. Then water with 


ee 
— 
1.59 
~ 147 
B 
74 
dl 
| 
“ig 
= 
= 
Fig. 2. Pipe Sa 
mple From Milton, Pa 
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_ no magnesium was pumped through the Thus, in this particular water, re- 
section for 24 days at a rate that moval of calcium appeared to be 
_ changed the water once each 24 hr. stopped or arrested by the magnesium 
_ The average change in water character treatment. It was thought that this 
, water was not typical, since it is filtered 
linity, +1.90; total hardness, —2.20; for iron removal and has pH correction 
calcium, —0. 40: and magnesium, +300, by use of sodium hydroxide. The 

TABLE2 


pore of Pipe Samples 


Dimension of Portion—in. 


=” 

Item a=" i Next Next Next Next Remain- 
y 0.150 0.150 0.150 0.150 ing 


Vwi wire Amount—fer cent 


Portland Sample* 


+100 mesh material 53.0 | 76.0 
—100 mesh material 47.0 | 24.0 

vie 
Loss at 600°C 


Acid soluble (—100 mesh material) 
SiO» 
CaO 
MgO 
Total (cement) 


Acid insoluble 
Loss at 950°C 
Total 


Milton Samplet 


+20 mesh material 0 13.4 
—20 mesh material 100.0 | 96.6 


Loss at 600°C ae 


Acid soluble (— 20 mesh material) 
SiO, 
R,O; 
CaO 
MgO 


Total (cement) 


Acid insoluble et 31.8 
Loss at 600°-950°C 5.4 
Total 99.3 


* Spun, reinforced pipe, 16-in. diameter, 3-year service. 
+ Spun, reinforced pipe, 16-in. diameter, 9-year service. 


@) 
| 
He 0.8 | 87.6 | 85.0 | 85.2 
| 9.2 | 12.4 15.0 | 14.8 
5.2 | 4.6 4.2 5.0 
Rn 9.3 | 10.3 94 | 9.5 10.0 | 11.3 
. a 8.0 | 5.5 49 | 4.7 5.2 5.8 
> 27.8 | 32.5 | 29.7 | 30.7 | 31.1 | 339 
4.2 |] 1.7 15 | 1.6 1.7 1.8 
49.3 | 50.0 | 45.5 | 465 | 48.0 | 52.6 
7 aa 43.9 | 45.6 | 50.1 | 486 | 47.8 | 42.9 
- ‘a ii 5.0 | 3.4 3.2 | 3.9 3.2 41 
_ 98.2 | 98.7 | 988 | 990 | 99.0 | 99.6 
_ 54.1 | 67.4 | 63.2 | 49.4 
45.9 | 32.6 | 36.8 | 50.6 
16.3 | 74 | 61) 59 | 59 | 62 
6.7 | 3.6 29 | 2.7 3.0 | 3.3 
a 7 35.0 | 17.8 | 168 | 16.3 15.8 | 17.5 
4.1 1.6 0.93| 0.88 1.0 1.0 
= 30.4 | 26.73] 25.78 | 25.7 | 28.0 
| - 63.8 | 714 | 72.0 | 73.5 | 70.2 
1.7 2.0 | 1.3 1.5 1.6 
95.9 | 100.13} 99.08 | 100.7 | 99.8 
—— 
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CONCRETE 


TABLE 2—Analysis of Pipe Samples (contd.) 


Dimension of Portion—in. 
: Inside Next Next Next Next 
+f = 7 0.075 0.150 0.150 0.150 0.150 
St. Petersburg Samplet 
+100 mesh material __ + 81.6 | 91.9 91.2 | 91.9 92.5 | 86.4 
—100 mesh material a - 18.4 8.1 8.8 8.1 7.5 13.6 

| Loss at 600°C 7.8 5.6 5.5 5.0 5.2 5.0 

Acid soluble (—100 mes’. terial) 
SiO. a 7.4 | 15.2 12.9 | 14.2 13.6 14.8 
R.O; 8.0 6.6 4.9 5.4 $2 6.0 
CaO - 27.7 43.7 44.3 48.1 46.3 51.4 

5.2 0.76 0.61} 0.61 0.52 0.70 
Total (cement) ed 48.4 66.26 62.71 | 68.31 65.62 | 72.9 
Acid insoluble 39.9 21.7 26.3 20.9 23.3 18.5 
Loss at 950°C 12.2 9.4 10.5 9.6 9.8 8.6 
Total 100.4 97.36 99.51 | 98.81 98.72 | 100.0 
t Cast pipe, 36-in. diameter, 25-year service. 
TABLE 3 


Composition of Cement Component in St. Petersburg Sample, and Cement-CaO Ratios 


Dimension of Portion—in. 


Amount—+fer cent 
Acid soluble (cement) 
or SiO. 7.4 15.2 12.9 14.2 13.6 14.8 
8.0 6.6 4.9 5.4 5.2 6.0 
a CaO 7 16.6 37.9 36.8 42.2 39.9 46.2 
MgO 5.2 .76 61 61 on .70 
Total 37.2 60.46 55.21 62.41 59.22 67.70 
Acid insoluble 39.9 | 21.7 26.3 20.9 23.3 18.5 
~ CO, in cement 3.5 4.8 4.6 5.0 4.8 4.5 
_ Calcareous aggregate 19.8 10.5 13.4 10.5 11.4 9.3 
7 is Total 100.4 97.46 99.51 98.81 98.72 100.0 
Cement-CaO Ratio 
Portland, Me. 1.77 1.54 1.53 | §,1.51 1.54 1.56 
Milton, Pa. 1.76 1.71 1.59 ,1.58 1.63 1.60 
St. Petersburg, Fla. 


‘ 
1445 
4 


— 
Frenchtown, N.J. 


pipe has now been set up in a new 
location, and water being used in a 
new test is far more corrosive in that 
it has a CO, content of more than 50 
ppm. Data from this series of tests 
are not yet available. 


Effect of Paint Seals 


When cement linings for cast-iron 
pipe were first introduced, it was found 
that many consumer complaints were 
received because of hardness, plugging 
of hot-water coils, and stopped meters. 
Coating the cement lining with a thin 
bituminous paint eliminated this trou- 
ble to a large extent. The material 
used serves also to help in the curing 
of the mortar. P. S. Wilson in a dis- 
cussion of the earlier report (7) has 


_ shown this type of material will pre- 


‘ Sampling Point 


a 
+. 
2 


Fig. 4. Pipe Sample From 
- paint thickness remained on the inte- 


rior pipe surface; a normal coat when 
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vent much of the solution of Ca from 
the cement, at least for a period of 5-6 
years under laboratory conditions. 

In this investigation, there was an 
opportunity to get some data on the 
length of time such linings effectively 
protect concrete pipe. The Milton, Pa., 
pipe sample was coated with a paint 
seal coating when installed. In 1956, 
when the specimen examined was taken 
out of the line, it was determined that 
approximately one-half the coating was 
still intact. Approximately 1 mil of 


new consists of 2-2.5 mils. The origi- 
nal paint composition was estimated to 
be: 50 per cent asphalt base, 45 per 
cent solvent, and 5 per cent oxidizable 
oil and carbon filler. The loss of thick- 
ness appeared to be due to erosion, 
since no area of bond failure was found 
on the sample. 

As pointed out earlier, this line car- 
ries a soft, slightly acid, unfiltered, 
mountain stream water. Chemical evi- 
dence was obtained in January 1953 
that the coating was failing in that some 
Ca(OH), was being dissolved from the 
line. Unfortunately, no analyses are 
available between 1948 and 1953. 
Table 4 shows the data, which indicate 
a time spread in the solution effects, 
eliminating objectionable features of 
early pH and alkalinity pickup. 


TABLE 4 
Solution of Ca from Milton Pipeline* 


January 1953 


January 1954 August 1954 April 1957 


Alka- 
linity 
ppm 


pH linity 


Alka- Alka- 
linity pH 


ppm ppm 


Alka- 
linity 
ppm 


6.4 6 . 7 
6.8 10 od 14 
6.8 9 15 


6.4 
6.7 
6.8 


7 At source 6 
Approx. 18,000 ft from source 11 
End of line, 37,000 ft from source 11 


* Pipe installed in June 1948. ?! 
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TABLE 5 


SOLUTION EFFECTS ON CONCRETE 


Effect of Paint Seal on Industrial Pipeline of Westmoreland Authority* 


Alkalinity—ppm 


Total Hardness—ppm 


Plant Change 


Plant Change 


1953 18 +3 
1954 22 +1 
1955 4 0 
1956 6 0 
1957 4 


Change 

+0.1 104 -1 
0 105 0 

—0.2 98 


102 +4 
—0.1 102 108 +6 
0 98 98 0 


* The pipe was placed in service in April 1952. 
ach year. 
lant sampling point is about 67,000 ft distant. 


A somewhat better record is avail- 
ible in an industrial water line at the 
Municipal Water Authority of West- 
noreland County, Pa. This line, about 
7,000 ft long, transports raw, im- 
younded, and unfiltered water from 
Beaver Run Dam. The water is often 
juite acid and the pH has at times 
reached a low of 4.4. Hydrated lime, 
however, was added to bring the pH of 
he water flowing through the pipe to 
ipproximately 6.0. 

Results of tests (Table 5) are similar 
o those obtained at Milton, Pa., and 
show a decreasing calcium solution 
rate and finally an almost complete ces- 
sation of this phenomenon. 


Analysis of Natural Cement 


In the course of this investigatio 
he opportunity presented itself to o 
ain and examine samples of concre 
»ipe that, at the time of their remov: 
nad been in service 50 and 75 year 
respectively. The first of these can 
rom the public supply system of t 
Frenchtown Water Company, Frencl 
own, N.J. This pipe, with a 6-11 
nside diameter and approximate 
311-in. outside diameter,» was in tv 
sections, separated by a»steel cylinder. 
This pipe has two cylinders as shown 
n Fig. 4. The second piece of pipe 


: L Results are averages of tests made in January and February of 
The sampling point at the dam is at the entrance to a 42-in. and 30-in. industrial concrete line; the 


was used for 75 years in the system of 
the Hingham Water Company, Hing- 
ham, Mass. This line was a 4-in. main. 
It is shown in Fig. 5. 

Analysis (Table 6) shows that the 
cement to CaO ratio of the Frenchtown 
sample is essentially the same in the 
exposed layer and the unexposed layer 
of mortar. The analysis of the Hing- 
ham sample (Table 7) indicates some 
extraction of lime, but Fig. 5 shows the 
excellent condition of the pipe. Table 
8 indicates the characteristics of the 
water to which these pipes had been 
exposed. 

The analyses given show that the 
cement used in both of these specimens 


Fig. 5. Pipe Sample From Hingham, Mass. 


a 
1447 
pH 
Year 
Dam Plant 
7.1 
7.3 7.3 
| 6.1 5.9 
6.3 6.2 
6A 
| 


was natural cement. These are even 
identifiable as to source. The results 
also show that removal of Ca was lim- 
ited to the inner 0.25 in. and 0.20 in. 
In a valuation ‘study made to establish 
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Both the Frenchtown and Hingham 
concrete pipe were made with natural 
cement. These cements were generally 
ground more coarsely than in today’s 
practice, and this was the case, also, 


TABLE 6 


Analysis of Frenchtown Pipe Sample* 


Dimension of Portion—in. 


Middle 
0.250 


Amount—?er cent 


+20 mesh material 
—20 mesh material 
4 
Acid soluble (—20 mesh material) 

R.O; 

CaO 

MgO 

Total (cement) 


Loss at 600°C 


©- 
Acid insoluble 
Loss at 600°—950°C 
Total 


29.9 
17.0 
74.6 


11.2 
13.6 
99.4 


16.9 
83.1 


75 


Acid Soluble Portion (Cement) on 100 Per Cent Basis 


27.1 
10.1 
40.0 
22.8 
100.0 


24.5 
8.0 
47.3 
20.2 
100.0 


Cement Ratios 


Cement to CaO 
Cement to MgO 


2.50 
4.39 


* Pipe in service for 50 years. 


the accrued depreciation in the facilities 
of the Frenchtown Water Company, 
the useful life of the concrete pipe from 
that system was set, for rate making 
purposes, at 100 years or more. 


with Portland cements before the mid- 
dle 1930's. 

That the effect of fineness of grind, 
particle size, or specific surface could 
enter into the problem of solution of 


Ini 
| 0 12.4 
100.0 87.6 
16.9 19.6 22.5 = 
; 19.7 19.5 
6.4 6.9 
37.9 
16.2 16.0 
80.2 79.7 
10.2 9.20 
74 9.0 
| 975 97.9 
= SiO, 24.4 
MgO 20.1 
Total 100.0 
“f 2.11 2.14 
‘ 
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CaO from concrete was recognized, and 
o determine the effect of fineness, a 
test was set up using four concrete 
pipes made with two grinds of cement. 
The first of these consisted of a special 
zrind of Portland cement having a spe- 
‘ific surface of 1,215 sqcm per gram, 
which is representative of older, coarser 
grinds; the second was a grind having 


TABLE 7 
Analysis of Hingham Pipe Sample* 


Dimension of Portion— 
in. 


Outer 
0.200 


Inside 
0.200 


Amount—fer cent 


$9 
94.1 


5.4 
94.6 


+20 mesh material 
—20 mesh material 


Loss at 600°C 
| 
Acid soluble (—20 
mesh material) 
SiO, 


10.8 10.8 


13.7 
6.8 
4.9 

14.5 

Total (cement) 39.9 
56.2 

3.9 

100.0 


Acid insoluble 
Loss at 600°-950°C 
Total 


Acid Soluble Portion (Cement) 
on 100 Per Cent Basis 


34.3 
17.1 
12.2 
36.3 
99.9 


Cement Ratios 


8.16 
2.75 


Cement to CaO 
Cement to MgO 


* Pipe in service for 75 years. 


SOLUTION EFFECTS ON CONCRETE 


TABLE 8 


Characteristics of Water to Which 
Samples Were Exposed 


Alkalinity—ppm 
Total hardness—ppm 12 
Chlorides (Cl)—ppm 8 
pH 6.1 


a specific surface of 1,950 sqcm per 
gram, which is slightly finer than mod- 
ern grinds. Both samples were made 
from the same clinker. 

These cements were manufactured 
into experimental pipe as follows: a 
pipe was manufactured using coarse 
ground cement by the poured method 
of placement of concrete; then, using 
this same cement, a second pipe was 
centrifugated. Two similar types of 
pipe were produced, using the fine 
ground cement. All mixes were low 
slump, in the range of 4 in. for cast 
specimens and with almost no slump 
for the centrifugated. Test cylinders 
were manufactured and cured with the 
pipe, and tested at 7 days, 28 days, 3 
months, and 4 months. Two specimens 
for each grind and type of placement 
and for each period of curing were 
tested. For the poured specimens, 
6 X 12-in. rodded cylinders were used, 
and for the centrifugated, 4 x 8-in. 
vibrated cylinders were used. 

Mix design was varied slightly to 
permit satisfactory manufacture of the 
specimens by the method used. The 
cement factor varied from 1.77 bbl per 
cubic yard to 2.02 bbl per cubic yard. 
Cylinder strength results are shown in 
Table 9. 

It was then assumed that the average 
period of time between the manufacture 
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N. J. Mass. 
9.9 
6.5 | 
10.4 
11.6 
38.4 
55.0 
5.7 
99.1 
SiO, 25.8 
17.0 
3.33 


M. E. FLENTJE & R. J. SWEITZER 
7 


of pipe and its placement in service in 
a water system was approximately 4 
months. These test specimens were 
therefore not subjected to calcium 
oxide extraction tests until they had 
been held 4 months. The specimens 
were then flushed and subjected to 
31 changes of distilled water over a 
3-month period. After each exposure 
to distilled water, the water was 
checked for pH, alkalinity, and hard- 
ness so that the computation of the 
pounds of calcium oxide removed from 
the pipe wall could be made. It was 
found that in order of the decreasing 
amount of calcium oxide removed, the 
pipe behaved as follows: The coarse 


TABLE 9 
Test Results on Cylinder Strength 


Fine Ground Coarse Ground 


Test 
Intervals | Rodded | Vibrated | Rodded”| Vibrated 
Cylinder | Cylinder | Cylinder | Cylinder 

pst pst psi pst 


7 Days 
28 Days 

3 Months 

4 Months 


4,760 
5,240 
6,580 
7,260 


6,450 
7,310 
8,520 
8,700 


2,970 
5,270 
6,590 
6,290 


2,640 
4,950 
5,830 
5,630 


ground poured pipe suffered a removal 
of 0.74 lb of calcium oxide; the fine 
ground poured pipe, 0.70 lb of calcium 
oxide; coarse ground centrifugated, 
0.70 Ib; and the fine ground centrifu- 
gated, 0.61 Ib. 

It is apparent that there is no appre- 
ciable difference in performance with 
respect to extraction between fine and 
coarse ground cements, but a change in 
extraction related to concrete strength 
is indicated. The pipe manufactured 
centrifugally, using fine ground ce- 
ment, obtained a much higher strength 
than any of the other specimens and 
suffered the least extraction of CaO. 


Jour. AWWA 
Based on these tests, there is a pos- 
sibility that less extraction of CaO 
in modern pipe can be expected, since 
the concrete strengths obtained now 
are far superior to those obtained many 
years ago. These results point to the 
conclusion that with all other factors 
equal, the solution rate is related to 
concrete strengths and the higher the 
strength of concrete that is manufac- 
tured, the less the solution effect from 
water will be. rr 


Conclusions 


This further work in the investiga- 
tion of the solution of salts from con- 
crete pipe and concrete and cement pipe 
linings confirms earlier conclusions. 

1. The removal of calcium oxide 
from such materials is limited to a 
surface layer something less than 0.25 
in. deep, from which decreasing per- 
centages of the total CaO present are 
removed, going from the water contact 
outwardly. 

2. The reduction in CaO content will 
not, according to findings, be the con- 
trolling factor in the determination of 
the service life of the pipe. 

3. The controlling factor in the solu- 
tion effect by which CaO is removed 
from concrete pipe may be the for- 
mation of a hindering surface deposit 
of magnesium silicate and calcium 
carbonate. 

4. Paint coatings such as now com- 
monly used on cement linings and con- 
crete pipe do not, in service, completely 
protect the pipe from solution effects 
for a very long time. They do, how- 
ever, accomplish very satisfactorily 
their primary purpose of initial protec- 
tion, and experience indicates mechani- 
cal protection lasts over 10 years. 

5. There appears to be no difference 
in the amount of CaO removed in solu- 
tion from pipe made from either fine 
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or coarse ground cement. There may nauer, Research Chemist, Lehigh Port- 
be a relationship between concrete land Cement Company; the American 
strength and CaO solution loss. Concrete Pressure Pipe Association ; 
6. Pipe manufactured years ago and various individual business associ- 
sing natural cements for mortar or ates of the authors. 

mecrete show service expectancy of 
reater than 100 years; pipe made 


sing modern methods and materials 1- Fientye, M. E. & Sweitzer, R. J. Solu- 
tion Effects of Water on Cement and 


1ould exceed this in service life. Concrete in Pipe. Jour. AWWA, 
Acknowledgments of important as- 47 :1173 (Dec. 1955). 
stance, advice, and analytical services 2. McCoy, W. J.; Sweirzer, R. J.; & 


FLentyeE, M.E. Study of Concrete Pipe 
e gratefully made to W. J. McCoy, in Service. Dec. 1956 Meeting of Ameri- 


irector of Research, and O. L. Esche- can Concrete Institute (unpublished). 
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Correction 


The paper “Urban Water Requirements in California” by Max Bookman (August 
57 JourNAL, Vol. 49, pp. 1053-1059) contained an editorial error. In Fig. 2, on 
1057, the identification of the horizontal scale is incorrectly given as units of 100,000 


re-ft. The identification should read “Daily Requirements—100 mil gal.” 
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— Comparison of Standard Dilution and ©] 


Membrane Filter Methods 
Reginald B. Adams 


A paper presented on June 13, 1957, at the Pennsylvania Section 
Meeting, Bedford, Pa., by Reginald B. Adams, Supt. of Filtration, 


bs 


Wilkinsburg-Penn Joint Water Authority, Wilkinsburg, Pa. 


UCH information has accumu- 

lated over the past 10 years in 
favor of the molecular filter membrane 
technicte (1-4). Eliassen (3) em- 
phasizes precision as the major advan- 
tage of the MF method. It is obvious 
that the majority of those reporting on 
studies with the MF method agree 
that its advantages far outweigh the 
disadvantages. 

Most water works operators are re- 
luctant to drop a standard procedure 
which has been in use for many years 
in favor of a completely new technique 
without first making a comparative 
study. The purpose of work at Wil- 
kinsburg, Pa., is an attempt to make 
a comparative study of coliform densi- 
ties as would be obtained by parallel 
tests using the standard dilution tube 
method and the MF method. The 
entire program has been carried out by 
regular laboratory personnel. 


MPN Method 


Lauryl sulfate tryptose broth pre- 
pared from dehydrated media was used 
for the presumptive tests. Five tubes 
in each of three dilutions were sowed 
on raw Allegheny River water and pre- 
chlorinated raw water. Five 10-ml 
tubes were sowed on settled basin 
water. All tubes were read at the end 
of 24-hr and 48-hr incubation at 35°C. 
Any presumptive tubes showing gas at 
the end of 24-hr or 48-hr incubation 


were withdrawn, and transfers made to 
2 per cent brilliant green bile. Bril- 
liant green bile tubes were read at the 
end of 24-hr and 48-hr incubation, and 
tubes showing gas at the end of 24 or 
48 hr were streaked on Levine’s EMB 
agar. Typical colonies appearing on 
EMB agar were classified as coliform 
and these calculated to the MPN per 
100 ml. 

Volumes of original samples sown 
into presumptive tubes were pipetted 
directly when the quantity was 1.0 ml 
or more; otherwise, dilutions were 
made to allow transfer of 1.0 ml or 
more. 


MF Method 


An endo broth * prepared from de- 
hydrated media was used throughout 
the study for the MF work. This 
broth was of special interest, because 
it entails a one-step procedure as com- 
pared to other media requiring an en- 
richment period and a two-step trans- 
fer system. 

Selection of sample volume is a mat- 
ter of prime importance when com- 


* M-HD Endo Broth, prepared in accord- 
ance with the formula of Hajna and Danon 
(5), and supplied by Difco Laboratories, Inc., 
Detroit, Mich., and Baltimore Biological 
Laboratory, Baltimore, Md. A modification 
of the original formula has recently been 
developed by Millipore Filter Co., Water- 
town, Mass. 
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parative work is undertaken and maxi- 
mum precision is desired. An attempt 
was made to select raw-water volumes 
which would give MF coliform counts 
in the range of 20-80 colonies. Con- 
siderable practice was required to main- 
tain the above range on a majority of 
the samples, due to the effect of vary- 
ing amounts of acid mine drainage on 


af 


AND MF COM PARISON 


TABLE 1 
Comparative Results of Parallel MPN and MF Tests 


= 
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The volumes of raw water actually 
sown have ranged from 0.1 to 25 ml. 
The volume of prechlorinated raw 
water sown has been held at 50 ml and 
the volume of settled basin water at 
100 ml. On a few occasions of heavy 
runoff the turbidity of the prechlori- 
nated raw water was entirely too high 
to obtain satisfactory results with a 


on Raw Allegheny River Water 


No. of Samples 


Month in Agreement 


No. of Samples 


No. of Samples 


Direction of MF 
Deviation in Non- 
agreement Samplest 


in Nonagree- 
ment 


1956 
Apr. 
May 


Jun. 
Jul. 
Aug. 


Sep. 
Oct. 


Nov. 


Dec. 
1957 

Jan. 

Feb. 


Mar. 


2+ 
3+ 


Total 


* Agreement was found in 83.5 per cent of the total samples. 
t MF deviation was positive on 10.1 per cent of the total samples and negative on 6.4 per cent. 


the coliform index of the raw water. 
Results have been most consistent when 
three different volumes have been sown 
on each sample of raw water with 
maximum variation in volume being 
approximately 1:4. Usually at least 
two of the three sowings when adjusted 
to a common factor have given a check 
count within + 20 per cent or less. 


50-ml sample. Iron and manganese in 
the prechlorinated raw water usually 
produce a stain or moderate deposit on 
the membrane when 50-ml samples are 
sown. Apparently this condition has 
not seriously affected the majority of 
samples. 

Volumes of original samples sown 
were pipetted directly when the quan- 


= 


| | 
| 
; 14 12 2 85.7 
iy 18 14 4 77.7 4 
7 6 1 85.6 
| 20 19 1 95.0 
21 15 6 71.4 3+ 
3— 
19 15 4 78.9 3+ 
1— 
22 18 4 81.7 4+ 
19 15 4 78.9 3+ 2 
1-— 
20 20 0 100.0 
21 19 2 90.4 2— 
mA 18 12 6 66.7 
7 1+ 
| 20 18 2 90.0 1+ 
219 183 36 22+ 
4— = 
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TABLE 2 
Classification of Raw-Water Test Results 


Index Range 
Per Cent 
of Total 


Per Cent | * 
of Total 


1-99 
100-999 
1,000—9 ,999 
10,000 and 
over 


4.1 
25.6 
44.3 


26.0 


100.0 


Total 


tity was 1.0 ml or more; otherwise, 
dilutions were made to allow transfer 
of 1.0 ml or more. The same original 
sample and the same dilutions when- 
ever available were used for both the 
membrane work and the dilution tube 
work. 

The membranes were placed in dis- 
posable plastic petri dishes, and these 
dishes were incubated in a covered 
plastic container having a moistened 
paper towel on the inside bottom for 
humidity control. The incubation pe- 
_ riod was 18 + 2 hr, and the incubation 
temperature was 35°C. 

Colonies showing a golden metallic 
sheen were counted as typical coliform 
organisms. 

Raw-Water Results 

Comparative results of parallel MPN 
tests and MF tests on 219 samples of 
raw Allegheny River water for the pe- 
riod Apr. 1, 1956, to Mar. 31, 1957, 
indicate, as shown in Table 1, 83.5 per 
cent agreement between the MF and 
the MPN results. In the above com- 
parison the 95 per cent confidence limit 
was applied to the MPN results. The 
nonagreement samples represented 16.5 
per cent of the total. Of these, 10.1 
per cent represent MF counts which 
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were higher than the corresponding 
MPN results, and 6.4 per cent repre- 
sent MF counts which were lower than 
the corresponding MPN results. 
Table 2 indicates the number of sam- 
ples and the percentage of samples fall- 
ing within definite coliform index 
ranges. Table 3 shows comparative 
averages and medians from various 
coliform index ranges. It is quite evi- 
dent that the median MF results tend 
to run somewhat less than the median 
MPN results. The relative coliform 
recovery or the ratio of the median 
MF to the median MPN was 0.92. 


Prechlorinated Water Results 


Comparative results of parallel MPN 
tests and MF tests on prechlorinated 
water for the period from Apr. 1, 1956, 
to Mar. 31, 1957, indicate (Table 4) 
that the MF results show 88.4 per cent 
agreement with the MPN results in 
121 samples which indicated an index 
of 1.0 or higher on both MPN and 
MF tests. These 121 samples repre- 
sented 38.4 per cent of the total 315 
examined. 

TABLE 3 


Comparisons of MPN and MF Results 
on Raw-Water Tests 


Method 
Index Range* 


MPN MF 


Averages 


470 
3,800 


100-999 
1,000-9 ,999 
10,000 and over 


460 | 
4,300 
22,000 | 23,000 
| 


Medians 


430 
3,200 
22,000 


0.955 
0.914 
0.916 


450 
3,500 
24,000 


100-999 
1,000-9 ,999 
10,000 and over 


* No figures are available for the range of 1-99, be- 


cause of insufficient data. Ta 


S | MPN | MF 
9 15 6.9 
56 | 23.3 
97 34 | 38.3 
| mm | o9 | 31.5 
219 | mmm | 219 | 100.0 
MF 
384 
)5 


Jov. 1957 


Table 5 shows that 41 per cent or 
29 of the total samples examined had 
n apparent index of zero on both the 
APN and MF methods; 7.6 per cent 
24) had a zero index on MF and an 
ndex of 1.0 or more on MPN;; and 13 
er cent (41) had a zero index on 
MPN and an index of 1.0 or more on 
MF. The remaining 38.4 per cent, or 
21 of the samples, had an index of 


TABLE 4 


considered for analysis in Table 4. Of 
these, 4.1 per cent represent MF counts 
which were higher than the correspond- 
ing MPN results, and 7.5 per cent 
represent MF counts which were lower 
than the corresponding MPN results. 
It could be stated that one might ex- 
pect the MF counts to be in nonagree- 
ment in the negative direction on 7.5 
per cent of the total samples. = 


Comparative Results of Parallel MPN and MF Tests 
on Selected Prechlorinated Water Samples* 


No. of Samples 


Month in Agreement 


No. of Samples 


No. of Samples 


Direction of MF 
Deviation in Non- 
agreement Samplest 


in Nonagree- 


Agreementt 
ment 


1956 


17 


2— 
2— 
1— 


w 


2+ 
1+ 
2-— 


2 2+ 


107 


14 5+ 


* Samples are those showing an index on both MPN and MF tests of 1.0 or higher. 


act with chlorine for 10 min. 


Water tested after con- 


+ Agreement was found in 88.4 per cent of the total samples. 
¢t MF deviation was positive on 4.1 per cent of the total samples and negative on 7.5 per cent. 


.0 or more on both the MPN and 
MF. The latter samples were selected 
for statistical analysis as they elimi- 
nated the problem of handling so many 
apparent zero results which very likely 
are not absolute zeros. As with the 
raw-water tests, the 95 per cent confi- 
dence limit was applied to the MPN 
results. 

The nonagreement samples represent 


11.6 per cent of the total 121 samples 


Table 6 shows the number of sam- 
ples falling within definite coliform 
index ranges and illustrates the tend- 
ency for average figures to give a some- 
what distorted picture of the median 
value when the entire series is consid- 
ered. Exceptions to the above were 
noted when the series was broken down 
to defined ranges. The relative coli- 
form recovery or the ratio of the me- 
dian MF to the median MPN was 0.89. 


4 | MPN AND MF COMPARISON 1455 ‘ 
g 
n 
4 
x 
|| 
2 1 50.0 1— 
May 3 100.0 
Jun. 3 3 100.0 _ 
Jul. 0 0 
Aug. 4 4 100.0 
Sep. 15 15 100.0 
Oct. 11 9 81.8 7 
Nov. 20 18 89.9 
, Dec. 16 15 93.7 é 
1957 
Jan. 18 15 i 83.3 
Feb. 10 7 70.0 
Mar. 19 
Total 121 
|| 
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TABLE 5 
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Overall Results of Parallel MPN and MF Tests on Prechlorinated Water Samples plat. 


Number of Samples 


Index Range 


Tests 


Zero on Both 


1.0 or More on | 1.0 or More on 
MPN but MF but Zero 
Zero on MF on MPN 


1.0 or More on 
Both Tests 


1956 
Apr. 10 
May 19 
Jun. 12 
Jul. 26 
Aug. 22 
Sep. 

Oct. 
Nov. 
Dec. 

1957 
Jan. 
Feb. 
Mar. 


ON FPSO OW 


ane 
4 


Total 
Per Cent of Total 


121 
38.4 


w 
i=) 


Settled Water Results 


Comparative parallel dilution tube 
tests and MF tests on 315 samples of 
prechlorinated, coagulated, and settled 
water for the period from Apr. 1, 1956, 
to Mar. 31, 1957, produced only two 
samples that gave a coliform index 
of 1.0 or more by both methods (Table 
7). Thirteen samples had a coliform 
index of 1.0 or more by MPN and 
zero coliform index by MF. Eight 
samples had a coliform index of 1.0 
or more by MF and zero index by 
MPN. Since 92.7 per cent of the sam- 
ples had an apparent coliform index 
of zero by both methods, it is indeed 
difficult to show relative recovery. A 
glance at the average results per 100 
ml would indicate a slightly better re- 
covery for the MPN method. Actu- 
ally, the major portion of the differ- 


ence depends upon the interpretation 
of a few borderline colonies as they 
appeared on EMB agar. They were 
late gas formers on both the presump- 
tive and confirmed tests, and had ques- 
tionable coliform characteristics on 
EMB agar. They were given the bene- 


TABLE 6 


Analysis of Test Results on Selected Samples 
of Prechlorinated Water* 


Item MPN 


No. of samples 
1-9 range 94 95 
10-99 range 27 26 

Average 7.6 7.8 

Median 4.5 4.0 


* Figures based on 121 samples showing an index 
range of 1.0 or higher. 


= 
: Month | 
> Total | | 
— 
2 
4 
15 
11 
16 
18 5 
10 2 
2 ar) 19 2 
= 315 129 P| 24 = 
: 41.0 7.6 
MF 
APN 
03 
).89 


MPN 


fit of doubt and tabulated as coliform. 
The use of five 10-ml portions did not 
give the precision required with the 
jultiple-tube method for comparative 
ork, since very low indexes were 
encountered. 
Summary 
Parallel MPN tests and MF tests 
for coliform bacteria were run on 219 
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6.4 per cent of the samples. The rela- 
tive coliform recovery or the ratio of 
the median MF to the median MPN 
was 0.92. With adjustment (MPN 
x 0.81) for bias (2), the relative coli- 


form recovery EN was 1.13. 


Parallel MPN tests and MF tests 
for coliform bacteria were run on 315 
samples of prechlorinated Allegheny 


TABLE 7 


Overall Results of Parallel MPN and MF Tests on Prechlorinated, 
Coagulated, and Settled Water 


Number of Samples 


Average Index per 
100 ml* 


Index Range 


1.0 or 
More on 
Both 
Tests 


1.0 or 
More on 
MPN but 


1.0 or 
More on 
MF but 
Zero on 

MPN 


coooooooo 


Per Cent of Total 


1 


* Overall averages for the 315 samples were 0.14 for MPN and 0.07 for MF. 


amples of raw Allegheny River water 
overing a period of 1 year. The MF 
esults when compared with the MPN 
esults (95 per cent confidence limit 
pplied) showed 83.5 per cent agree- 
nent. The MF results were in non- 
greement in the negative direction on 


River water (10 min contact) cover- 
ing a period of 1 year. The MF re- 
sults when compared with the MPN 
results (95% confidence limit applied) 
showed 88.4 per cent agreement. The 
MF results were in nonagreement in 
the negative direction on 7.5 per cent 


ov. 195; 
| 
Month oF 
Total MPN MF 
Both 
956 
Apr. 16 15 0.00 0.06 
May 31 29 0.03 | 003 
n Jun 16 16 0.00 | 0.00 
| 28 27 0.00 0.07 
Aug. 26 26 0.00 0.00 | 
Sep, 27 23 0.40 0.10 
Oct. 28 27 0.06 0.00 
Nov. 30 29 0.07 0.00 
Dec. 28 26 0.07 0.03 
957 
Jan. ay 27 23 0.07 0.37 
Feb. 27 26 0.28 0.00 
Mar. 31 25 0.47 0.07 a 
Total 315 292 
2 
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of the samples. The relative coliform 


MF 
recovery rp equaled 0.89. With 
adjustment for bias (MPN x 0.81), 

M 
the relative coliform recovery MPN 


was 1.10. 

Parallel MPN tests and MF tests 
for coliform bacteria were run on 315 
samples of prechlorinated, coagulated, 
and settled water covering a period of 
year. 
applicable, due to the relatively few 
samples showing coliform organisms. 
The average results, if they may be 
treated with any significance, indicate 
slightly better recovery with MPN 
than with MF. The major difference, 
however, hinges on the interpretation 
of a few of the MPN tests and the 
low precision evident on very low in- 
dexes using five 10-ml portions. For 
all practical purposes both methods 
gave nearly equivalent coliform indexes. 
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Statistical analysis was 
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From the above data the conclusion 
is that the MF technique using an endo 
broth in a one-step transfer system has 
given coliform densities comparable to 
those obtained with multiple-dilution 
tubes. a 
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Recent Meter-setting Developments 


Panel Discussion 


A panel discussion presented on May 16, 1957, at the Annual Confer- 


ence, Atlantic City, N.J. 


on * _ An introductory statement by W. Victor Weir, Pres. and Gen. Mgr., 
ss St. Louis County Water Co. and Missouri Water Co., University City, 


Mo. 


HE problems of setting water me- 

ters—where and how—are not 
critical industry problems. They are, 
however, present in every water utility 
operation. Policy decisions affecting 
both the utility and its customers must 
be made. These are local decisions; 
what is correct for one utility may be 
entirely wrong for another. 

The largest problem involves the 
location of the meters—should they be 
in the customers’ residences and places 
of business or should they be in vaults 
or box settings near the property lines? 
Although a utility may adopt a general 
policy, there may be circumstances that 
justify an exception to the general rule. 
What are the circumstances that deter- 
mine the general policy and also the 
exceptions? The following discussions 
will cover the economic aspects, ease of 
obtaining readings, considerations of 
safety, differences in maintenance costs, 
cold weather problems, and the factor 
of customer annoyance. 

Another phase of meter-setting prob- 
lems involves the use or nonuse of 
meter-holding devices. Many of these 
are available, some simple, others com- 


plicated. Where and when should they 
be used? 

Outside settings involve under- 
ground vaults of varying sizes, depend- 
ing upon the sizes of the meters that 
must be set. Proper design of these 
facilities brings lowest costs of installa- 
tion, maintenance, and reading, and 
minimizes the hazards to the public. 
What factors should determine the de- 
sign standards for a utility? 

The problem of a single large meter 
or a battery of smaller meters presents 
questions that extend into the field of 
meter-setting problems. A battery 
setting is actually an assembled com- 
pound meter setting that involves more 
vault space than would be required for 
a compound meter of equal capacity. 

This discussion of meter-setting 
problems must necessarily be based 
upon the types of meters generally 
available today. If and when the water 
meter industry develops different me- 
ters or the utilities adopt meters with 
remote registers, some of which are 
available today, there may be different 
meter-setting problems. Those, how- 
ever, must be left for future discussion. 
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JAMES G. CARNS JR. 


A paper presented by James G. Carns Jr., Meter Engr., American 
Water Works Service Co., Philadelphia, Pa. 


The ever increasing difficulty of 
gaining admission to properties to read 
meters and the fact that the cost of 
meter reading in outdoor installations 
is less than that for indoor installations 
are two important factors to be consid- 
ered in arriving at a decision on meter 
location. The belief, however, that 
savings in reading costs will offset 
higher installation costs for outdoor set- 
tings, at the same time overcoming 
reading difficulties, is one which needs 
to be explored further. 


Meter Location 


Generally speaking, a choice between 
indoor and outdoor installations is not 
available in southern states, where, be- 
cause of mild winter weather, most 
homes are constructed without base- 
ments or utility rooms and water me- 
ters must be installed in outdoor pits 
or vaults. Conversely, in many of the 
northern states, although the majority 
of homes are constructed with base- 
ments and a choice of meter locations 
exists, severe winter weather conditions 
weigh heavily against outdoor installa- 
tions, and the logical indoor location 
is most often utilized. There is, how- 
ever, a large, undefined geographic belt 
between these two extremes where a 
choice of meter location exists. 


Evaluation of Advantages 


Unfortunately, it is very difficult to 
evaluate effectively the relative advan- 
tages and disadvantages of both meter 
locations by any means other than 
actual expenrience over an extended 
period. This advantage is seldom 
available, however, before sizable ex- 
penditures have been made. Even 
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then, operating expense data are usu- 
ally not kept in sufficient detail to af- 
ford the opportunity of making a fac- 
tual comparison of costs. For example, 
water utilities which follow the uniform 
system of accounts for water utilities 
as adopted by National Association of 
Railroad and Utilities Commissioners 
do not, unless certain modifications are 
made, have data in suitable detail for 
cost studies of various phases of operat- 
ing and maintenance expenses. This is 
particularly true of expenses involving 
meter and meter installation mainte- 
nance costs. The uniform system of 
accounts provides that the installed 
cost of meters or devices and appurte- 
nances thereto for use in measuring 
the quantity of water delivered to cus- 
tomers is to be charged to Utility Plant 
Account 324—Meters. Instructions for 
this system further state that the cost 
of testing and maintaining meters and 
related devices and appurtenances, the 
book cost of which is included in Utility 
Plant Account 324, is to be charged to 
Account 759.2—Maintenance of Me- 
ters. Unless, therefore, subaccounts 
are used to separate meter and meter 
installation maintenance costs, it is not 
possible to determine either of these 
expenses individually. In the company 
with which the author is associated, a 
breakdown of these expenses has been 
maintained since Jul. 1, 1948, for 63 
separate water companies operating in 
twenty states, mainly east of the Mis- 
sissippi River. They are thereby able 
to determine not only average meter- 
reading costs each year but also the 
average cost of repairing and testing 
meters and meter installations. Thir- 
teen of the 63 companies have made all 
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neter installations in outdoor settings 
or many years and each now has 90 
er cent or more of all meters in service 

a total of 274,000) in outdoor settings. 
[he other 50 companies, with approxi- 
nately 427,000 meters, follow the prac- 
ice of installing meters indoors wher- 
ver possible, but have a minor percent- 
ge of outdoor settings. 

Although the segregation of meter 
nd meter installation maintenance 
osts was made primarily to obtain 
verage meter repair cost data, it has 
lso been valuable in determining the 
conomics involved in the location of 
1eters. It is, of course, essential in 
resenting the results of any study also 
to detail the manner by which such 
results are produced, if conclusions 
rawn are to have any real value. The 
ollowing, therefore, will explain how 
the results of a 5-year comparison of 
eading costs for the thirteen companies 
vith outdoor settings and the 50 with 
ndoor settings have been obtained. 
\ll companies, of course, followed the 
ame accounting procedures and system 
f records. 


Cost of Reading 


The cost of all labor, transportation, 
nd supplies involved in reading meters 
; charged to Account 781.3—Meter 
teading. These costs include all those 
incurred in obtaining readings for bill- 
ig purposes, but do not include the 
ost of readings or inspections made 
or other reasons, such as high-bill com- 
laints, the costs of which are charged 
9 various other expense accounts de- 
ending on the purpose for which they 
re made. The total of metered bills 
endered each year is obtained from bill 
roof sheets and this number is consid- 

ered as the number of meter readings 
btained during the year. The average 
umber of metered accounts billed is 
/12 the number of monthly accounts 
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plus 1/4 the number of quarterly ac- 
counts billed each year. The average 
cost per reading is obtained by dividing 
the total charges to meter reading ex- 
pense each year by the number of me- 
tered bills rendered. 
Maintenance 

Total labor, material, and other costs 
incurred in repairing and testing me- 
ters are charged to Account 759.2— 
Meter Maintenance. These charges in- 
clude all expenses incurred in testing 
or repairing meters, either in the meter 
shop or in service. They do not, how- 
ever, include the cost of changing me- 
ters. The average cost per meter re- 
paired or tested each year is obtained 
by dividing the total charges to meter 
maintenance by the number of meters 
repaired or tested during the year. 
The cost of repairing and testing meters 
is not pertinent to this analysis. 

All expenses incurred in maintain- 
ing meter installations are charged to 
Account 759.7—Meter Installations 
Maintenance. 

Table 1 shows the average cost per 
reading considering only actual reading 
costs. It will be noted that the cost per 
reading for outdoor settings runs rather 
consistently about 2/3 of that for in- 
door settings. This not only confirms 
what is generally known or surmised, 
but actually shows how much less 
reading costs are with outdoor settings. 
Although these results may seem to 
show a smaller cost difference than 
other reading cost comparisons, this 
may result from the fact that this study 
includes nonproductive expenses prop- 
erly attributed to but often neglected in 
short-term meter reading cost studies, 
such as sick and vacation pay of meter 
readers and numerous miscellaneous 
items of expense. 

Experience shows that there is a 
much larger maintenance cost for 
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meter installations when meters are in- 
stalled in outdoor settings. For ex- 
ample, in 1954, when the number of 
outdoor settings in thirteen companies 
was 273,987 or 39 per cent of the total 
of 701,338 for all 63 companies studied, 
meter installation maintenance cost for 
these 13 companies was 79.2 per cent 
of the total. Also, a large portion of 
this expense for the other 50 companies 
is due to maintaining outdoor settings. 


TABLE 1 
Meter Reading Costs for 63 Companies, 1950-54 


consideration is given also to meter in- 
stallation maintenance costs. This is 
shown by the fact that for the 5-year 
period, while total meter reading costs 
for the 13 companies with outdoor set- 
tings was $501,029, meter installations 
maintenance costs for the same period 
totaled $337,349, which is 67 per cent 
of the cost of reading. During the 
same 5-year period, the reading costs 
for the other 50 companies totaled 
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Average Number 
Metered Accounts 
Billed end 


Total Number 
Metered Bills 
ered 


Total Reading 


Average Cost Per 
Costs adi 


Reading 


Outdoor Installations* 


231,320 
241,149 
251,227 
262,233 
273,987 


1,077,178 
1,123,972 
1,226,105 
1,275,884 


$0.074 
0.083 


ats 


0.094 


$ 79,466.64 
92,969.97 
99,138.60 

109,699.59 
119,754.57 


Indoor Installationst 


373,735 
387,232 
399,174 
414,616 
427,351 


1,605,946 
1,660,755 
1,710,279 
1,772,573 
1,824,574 


$180,529.37 
206,941.82 
234,537.02 
255,446.20 
271,582.08 


* Thirteen companies; 90-100 per cent outdoor installations. 
t Fifty companies with a minor number of outdoor installations. 


The amount is indeterminate, however. 
In a comparison of costs such as pre- 
sented here, which shows a reduction 
in reading costs while other costs are 
increased—due to installing meters in 
outdoor settings—it seems only fair to 
combine such costs to arrive at a proper 
comparison of all costs involved. 
Table 2 shows the result when this is 
done. 

From this tabulation, it is found that 
there is very little difference in total 
expense due to meter location when 


$1,149,036, whereas installation main- 
tenance costs were only $96,875 or 8.5 
per cent of reading costs. 

Although the causes for maintenance 
of both types of installations are fairly 
obvious the total cost of maintaining 
outdoor settings is not generally recog- 
nized. It has been found that the only 
maintenance required for indoor set- 
tings consists of replacement of broken 
meter couplings or those with stripped 
threads and the cost of repairing piping 
connections or fittings adjacent to the 
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neter. These occurrences are very in- 
requent in relation to the number of 
nstallations and, for all practical pur- 
oses, maintenance costs for indoor 
1eter installations are negligible. 
With outdoor settings, however, 
here are a number of maintenance 
ems and the frequency of occurrence 
; such that the aggregate cost is a 
lajor expense item. The major main- 
nance needs are: 


fin 
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made before curbs, sidewalks, and 
street paving have been installed. It is 
particularly difficult to minimize.) 

4. Corrective measures to avoid 
meter damage due to freezing. 

All four types of maintenance are 
inherent and must be expected when 
meters are installed in outdoor settings. 
It may be argued that if the original 
installations are properly designed and 
made, corrective measures against 


TABLE 2 


eis "*{) _ Meter Reading and Maintenance Costs for Same Companies 
and Periods Shown in Table 1 


Average 
Number 
Metered 
Accounts 
Billed 


Costs 


Total Reading 


Average Cost 
Per Reading 


Total Reading 
and Installation 
Maintenance 
Costs 


Total Meter 
Installation 
Maintenance 
Costs 


(Including 
Maintenance) 


Outdoor Installations 


231,320 
241,149 
251,227 
262,233 
273,987 


$ 79,466.64 
92,969.97 
99,138.60 

109,699.59 
119,754.57 


$52,644.33 
57,228.81 
64,139.86 
79,287.18 
84,048.82 


$132,110.97 
150,198.78 
163,278.46 
188,986.77 
203,803.39 


Indoor Installations 


373,735 
387,232 
399,174 
414,616 
427,351 


1,605,946 
1,660,755 
1,710,279 
1,772,573 
1,824,574 


$180,529.37 
206,941.82 
234,537.02 
255,446.20 
271,582.08 


$199,076.16 
226,737.84 
251,652.20 
274,799.13 
293,645.72 


$18,546.79 
19,796.02 
17,115.18 
19,352.93 
22,063.64 


1. Filling around meter boxes where 
dirt has been washed away by heavy 
rains 

2. Raising and lowering meter boxes 
to conform to changes of grade 

3. Replacing broken meter box cov- 
ers and repairing other damage to the 
installations caused by automobiles, 
trucks, or heavy construction equip- 
ment (This type of damage may be 
particularly extensive in new develop- 
ments where the meter installations are 


freezing should not be necessary. This 
is true, but, from a practical standpoint, 
meters will freeze in varying numbers 
during extremely cold spells even in 
the “best regulated families.” The 
trick is to design an installation which 
will afford adequate frost protection 
under all types of weather and soil 
conditions and not be excessive in cost. 
A particular type of setting designed 
to accomplish this is usually adopted 
and used throughout an entire service 
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area. During extremely cold winters, 
however, it is often found that suffi- 
cient protection is not obtained in all 
installations and a number of meters 
freeze. This may be caused by the 
fact that installations are in sandy or 
gravelly soil which frost penetrates 
faster than heavier, more compact types 
of soil. Often, meters will freeze in 
otherwise suitable installations only be- 
cause the soil around the pit was not 
compacted during backfilling opera- 
tions. Unfortunately, each installation 
cannot be individually tailored for soil 
conditions encountered. Even were 
such attempt to be made, there is prob- 
ably no one with sufficient knowledge 
of this subject to do so with complete 
success, 

Many water utilities, for several 
years installed outdoor settings which 
were thought to be adequate, only to 
find during extremely severe winters 
that inadequate protection against 
freezing conditions was _ afforded. 
Many expedients have been tried, some 
successfully, to correct the deficient 
conditions without complete replace- 
ment of the installations. Some of 
these consist of inserting an inner lid 
in each meter pit to reduce heat loss; 
placing sawdust or other materials in 
the pits to insulate the meter ; replacing 
the soil around the pits to varying 
depths with material of greater density, 
such as clay or loam to reduce frost 
penetration ; and installing smaller di- 
ameter tile in the bottom of pits to 
obtain heat from the ground at a lower 
level and counteract the colder upper 
portions of the pit in contact with the 
frozen ground. 

The only obvious conclusion which 
can be reached from an analysis of this 
type is that the benefit of lower reading 
costs with outdoor meter settings is dis- 
sipated through increased installation 
maintenance costs. It would appear, 
therefore, that decisions on meter loca- 
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tion should discount meter reading 
savings as a major factor. 


Advantages of Outdoor Setting 


Thus far only the disadvantages of 
outdoor meter settings have been men- 
tioned. There are, of course, several 
advantages which should be considered. 
In addition to making possible read- 
ings on scheduled dates, there is no 
need for the utility employee to enter 
the customer’s premises. Anyone who 
has read meters and had a housewife, 
who had come down from the second 
floor to let him in, watch while he made 
wet, muddy tracks across a freshly 
cleaned kitchen floor can well appre- 
ciate that customer’s feelings toward 
the utility. This, of course, is the cus- 
tomer relation side of the picture. An- 
other factor in favor of curb settings is 
that the meter is located at the division 
point of service responsibility so that 
any leakage in the customer’s portion 
of the service line is measured. Al- 
though an attempt has been made to 
evaluate this factor, unaccounted for 
water has so many aspects to be consid- 
ered that results have been inconclu- 
sive. The question of tampering with 
meters is fairly well resolved with out- 
door settings as the privacy necessary 
for tampering is lacking. It must also 
be recognized that there are mainte- 
nance charges in connection with curb 
boxes which have not been accounted 
for in the cost comparisons cited and 
which would, if known, tend to influ- 
ence the results in favor of outdoor 
meter settings. Finally, meters have 
been known to freeze when installed 
indoors, so that this difficulty is not 


limited to outdoor settings. ~ 


Limitations 
Outdoor meter settings for large ac- 


counts, such as schools, apartments, 
business buildings, and other commer- 
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cial and industrial accounts, however, 
hould be avoided wherever possible 
because of the high cost of such instal- 
itions and because the benefits to be 
erived cannot possibly be justified 
“om an economic standpoint. 

When consideration is given to the 
numerous and potentially costly ex- 
penses which may be sustained with 
utdoor settings, the difficulties attend- 
nt to gaining admission to properties 
to read meters usually lose much of 
their significance. Several measures 
have been tried to overcome the diffi- 
ulty of obtaining readings with indoor 
ettings. The most common is for the 
reader to leave self-addressed 
ostcards at properties to which they 
re unable to gain admission. These 
ards inform the occupant of the read- 
r’s visit, continue with a request for 
1€ Owner or occupant to read the me- 
ar, and, using the postcard notice, to 
srward the reading promptly to the 
rater utility office. In many instances, 
xcellent response is had with this 
1ethod. Of course, there is also the 
ractice of detailing a reader for calls 
n the evening. 

Some utilities have a rule whereby 
back calls are made only to read those 
1eters from which a reading was not 
btained for the previous billing period. 
\verage bills are sent for the rest of 
1e accounts where meters were not 
ead. This procedure has the advan- 
ge of reducing the number of back 
alls and provides more time for ob- 
taining readings of those accounts 


Philadelphia, Pa. 


In Philadelphia, there are compara- 
tively few outside meter settings. 
Nearly all residences and business es- 
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which have not been read for two or 
more consecutive reading periods. 
Another means used when readings 
have not been obtained consists in send- 
ing the customer an average bill which 
is higher than usual, increasing the 
amount with each successive reading 
period until a complaint is made, at 
which time arrangements are made to 
obtain a reading. This procedure is 
usually reserved for extreme situations. 


Reduction in Reading Cost 


For those who are interested and 
have sufficient cost figures to work 
with, it is relatively easy to determine 
how much additional investment can 
be made for an outdoor setting to ob- 
tain a given reduction in reading cost. 
Any cost above this figure is a premium 
being paid for the outdoor setting. Re- 
ferring to Table 1, the average cost to 
read meters for 1954 is: outdoor, 
$0.094; indoor $0.149. With an ac- 
count billed quarterly, the saving in 
reading cost is four times $0.055 or 
$0.22 per year. Assuming the cost of 
borrowed money to be 5 per cent, this 
$0.22 per year saving will support an 
additional investment of $4.40. If the 
cost of installing a meter in an outdoor 
setting is more than $4.40 over that 
for an indoor setting, the installation 
is not economically justified. Using 
the results produced when installation 
maintenance expenses are combined 
with reading costs (Table 2), it is ap- 
parent that no additional cost for out- 
door installations can be made if eco- 
nomic balance is to be maintained. 


tablishments have basements, and it has 
been common practice for many years 
to bring the service pipe into the base- 
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ment and set the meter as near as pos- 
sible to where the service pipe enters. 
There are admittedly some disadvan- 
tages to inside settings, the principal 
one being the necessity for entrance 
into the property in order to read or 
service the meter. There are, how- 
ever, also advantages to inside set- 
tings. One is the comparative freedom 
from freezing which can result in dam- 
age when meters are installed in im- 
properly protected exterior meter boxes 
or vaults. There has been some diffi- 
culty in Philadelphia with flooded 
meter boxes or vaults from ground 
water seepage or storm drainage. 
When such situations are encountered 
by the meter readers, the property 
owner or tenant is required to pump 
out the meter box or vault at his ex- 
pense, which almost always results in 
a second call to the premises to read 
the meter. The standard practice in 


Philadelphia, when houses are built 
without basements, is to bring water 
service up through the floor slab into 


the service room where the water 
meter, furnace, and hot-water heater 
are located above floor level. When 
there is snow on the ground, it is diffi- 
cult to locate meter boxes or vaults 
unless the meter reader is very familiar 
with each location. For this reason, 
the few meters in Philadelphia that 
are located outside, are customarily 
read when there is no snow on the 
ground. 

The whole question of inside and 
outside settings has many points 
worthy of consideration, and the deter- 
mination should be made in accordance 
with climatic and other local conditions. 
The question of the depth of the meter 
setting within the meter box or vault 
is really one of frost penetration and 
coldness of the climate. With small 
meters, an elevating yoke is satisfac- 
tory for bringing the meter to the 
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upper part of the meter box and seems 
to prevent freezing—except in extreme 
cases. For large meters, the expense 
of additional piping does not justify 
raising the meter within the vault. In 
Philadelphia, the water department 
does not install any portion of the serv- 
ice line or meter box and, therefore, is 
not liable if it is defective. This, how- 
ever, is an important problem in some 
cities, as a damaged or missing meter 
box cover could result in an injury 
and subsequent damage claim. Most 
cities are particularly diligent about 
keeping meter box covers in place and 
in good condition. 


Fig. 1. Meter Horn Installed in Iron Pipe 


Horn is type used at Philadelphia. Set 
screw shown has square head rather than 


Allen head mentioned in cnian 
Use of Meter Yoke r 


A point of importance to consider 
with meter setting is the use of a meter 
horn or yoke to hold the meter in 
proper position and to relieve the meter 
of strain if the piping moves. In con- 
nection with the universal metering 
program in Philadelphia, use of a horn 
was prescribed for all universal meter 
installations. The new service rules 
and regulations for the water depart- 
ment will require the use of a horn or 
a similar device for all new meter in- 
stallations. The horn used * (Fig. 1) 


* The Kornerhorn, a product of the Ford 
Meter Box Co., Inc., Wabash, Ind. 
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the universal metering program was 


uipped with compression couplings 
hich permitted its installation on ex- 
ing piping without threading the pipe 
, with copper tubing, by soldering. 
he installation of this horn is very 
mple and quick; it is necessary to 
ake only two cuts in the pipe, remove 
e short section, place the compression 
uplings over the cut ends of the pipe, 
ace the horn, and tighten the cou- 
ings. To hold the coupling in place, 
n Allen-head screw was used on iron 
pe, and a split clamp attached to the 
upling on copper pipe. The specifi- 
tions for these horns required that 
ey withstand a pull of 300 lb, for the 
in. size, without slipping. 


Advantages 


The use of a horn or yoke with or 
ithout compression couplings has sev- 
al distinct advantages. One is that 
holds the piping firmly in place when 


he meter is removed, making it pos- 
le for one man to remove and re- 
ace meters in a relatively short time. 
also eliminates the danger of break- 
g of the pipe at a nearby joint or 
upling and reduces the likelihood of 
aks occurring after the meter has been 


moved or replaced. The use of the 
rn or yoke also provides a continuous 
md in the water piping preventing 
ectrical shock to the meter installer. 
here have been occasions when meter 
stallers, removing an old meter from 
line without a horn or yoke, have, on 
uching both sides of the meter cou- 
ings, received a shock from improp- 
rly grounded electrical fixtures in 
the premises. To avoid this type of 
ccident meter installers have been 
equipped with a heavy copper wire 
fitted with clips which are attached to 
the pipe on both sides of the meter 
before its removal. This provides the 
necessary bond through the pipe to 
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avoid shock to the installer. When a 
horn is used, a wire clip device of this 
type is not necessary. Permanent 
grounding wires around meters are 
not standard practice in Philadelphia. 
As long as the meter is connected to 
the piping, it provides the necessary 
metallic bond. The use of the portable 
wire and clips described above provides 
the necessary ground and protects the 
meter installer when he removes the 
meter and breaks the normal circuit. 
This is one of the big advantages of 
a horn or yoke—it always provides 
continuous metallic grounding. The 
specifications for horns and yokes in 
Philadelphia requires that they have a 
resistance to electrical flow of not more 
than 0.5 ohm. 

Another advantage of the horn is 
that distortion or moving of the piping 
within the premises will not place any 
undue strain on the meter or the meter 
couplings. The use of a horn also 
makes it possible to install the meter 
in the proper position in a vertical pipe 
without the necessity of using short- 
radius elbows or nipples for connecting 
piping to the meter. These elbows or 
nipples introduce a very high head loss 
in the flowing water. 

When meters are installed on old 
piping, it is highly desirable to install 
a horn or yoke and replace the meter 
with a spacer or nipple in the horn. 
This allows the customer to use water 
for several days before the meter is in- 
stalled, producing a thorough flushing 
of the piping and removing any scale 
or cuttings from the pipe which may 
otherwise be caught in the meter. By 
following this principal of thorough 
flushing before installation, it was pos- 
sible to install more than 150,000 me- 
ters in older residences in Philadelphia 
without experiencing a single case of 
meter jammed by material dislodged 
from the piping. The additional cost 
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of the horn is a relatively minor item 
when a complete meter installation is 
being made, and it is felt that the addi- 
tional cost is well justified for better 
service and fewer complaints and 
difficulties. 


GERALD E. ARNOLD 


Position 


The author has had no experience 
in Philadelphia with meters set in any 
but a horizontal position. It is under- 
stood that all manufacturers recom- 
mend that their meters be installed in 
this position, and the basic design of 
the meter is for horizontal installation. 
Disc meters will operate in any posi- 
tion, but use in other than horizontal 
position may result in excessive wear 
and inaccuracies at the low flow rates. 
End bushings in both the register and 
the gear train are not effective in pre- 
venting wear of the spindles when the 
meter is changed to any other position. 
If the meters are to be operated in 
a vertical position, suitable bearings 
should be designed and incorporated to 
take the wear points for this type of 
operation. With the ball sockets, 
which would wear eccentrically in a 
vertical setting, there will be a tendency 
for the disc to rub one wall of the cham- 
ber and to have excess clearance on the 
other wall, which would result in in- 
accuracies at the low flow rates. The 
author has started a series of tests on 
meters set in the vertical position, but 
further time will be required to com- 
plete them. 

Compound Meters = | 

Compound meters are better for 
large services than batteries of smaller 
meters. In order to obtain accuracy 
at the low flows with a battery of small 
meters, it would be necessary to have 
a device which would divert all of the 
flow through one meter at times of 
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low consumption, to take advantage of 
the low-flow accuracy of such a meter 
For example, a 2-in. disc meter has a 
minimum flow test rate of 2 gpm, at 
which point it must be accurate within 
95 per cent. The series of six 2-in. 
meters, which would be required for 
an equivalent 6-in. service, would re- 
sult in flows below the minimum accu- 
racy requirements at a flow rate less 
than 12 gpm. The 6-in. compound 
meter, equipped with a 1-in. bypass 
meter, would have an accuracy of 95 
per cent with a flow rate of only 0.75 
gpm. Another factor involving bat- 
teries of meters, is the inability of me- 
ters to take the flows evenly because 
of hydraulic flow conditions. In other 
words, one meter operates a great deal 
of the time while another meter in the 
battery operates at high flow rates only, 
resulting in uneven wear between the 
meters in a single battery. The ex- 
pense of installation of a battery of 
meters is considerably higher because 
of the necessity of fabricating the mani- 
fold to accommodate several meters and 
there is the additional expense of con- 
nections, valves, and fittings to be con- 
sidered. Another important factor is 
the space requirement. A 6-in. com- 
pound meter is about 18 x 36 in., 
which, together with the fittings, re- 
quires a vault approximately 4 x 6 ft. 
Six 2-in. disc meters, to accomplish 
the same purpose, would require a 
vault not less than 5 x 15 ft, or more 
than three times the total area needed 
for a compound meter. In a 10-in. 
service, a vault 4 x 8 ft would accom- 
modate the compound meter, but a 
vault 5 x 30 ft or 10 x 15 ft would 
be necessary to accommodate the fifteen 
2-in. disc meters necessary for this 
service. The head loss through the two 
types of meters is about the same, but 
the additional head loss required for 
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connections, valves, and fittings would 
increase the total head loss of the in- 
stallation for battery meters. 

With regard to maintenance and re- 
pairs, compound meters generally take 
fewer, less costly repair parts than a 
corresponding battery of smaller meters. 


The use of one- or two-man crews 
for installation of meters is governed 
by several factors—the basic one of 
which is travel time between calls. 
Where a number of calls can be made 
in one block or within a short travel 
distance, two men can quite efficiently 


It can be truly said that water utili- 
ties need nothing so much as improved 
meters. The electric utilities’ small, 
weather-proof glass cylinder which can 
be “tacked up” at eye level and replaced 
as easily as pulling an electric cord, 
offers a strong contrast to water meters 
now available which are a problem no 
matter where placed. 

Until a water meter is developed 
with features that approach those of the 
electric meter, it must be realized that 
the problem of setting meters is of 
great importance and complexity. 

This author is neither for nor against 
either inside or outside meter settings, 
but intends simply to present the facts 
of improved outside meter settings that 
have been found to be of great help 
in reducing meter problems. 

Since freezing of meters is rarely a 
problem in Richmond, all meters have 
always been set in boxes or vaults out- 


Public Utilities, Richmond, Va. 


Richmond, Va.—Marsden C. Smith 
A paper presented by Marsden C. Smith, Chief Water Engr., Dept. of 
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perform the work, and, in the event one 
of them has difficulty, he can call his 
partner to assist him. Where the calls 
are widely spaced, and appreciable 
travel time is necessary, better effi- 
ciency results from the use of one man. 


Conclusion 


Many of the comments made above 
are variable from city to city, and are 
governed by climatic conditions, geog- 
raphy, density of population, condition 
of piping, age of meters and other fac- 
tors. No firm set of rules can be con- 
sidered universal in general metering 


practice. 


side of buildings, except in those rare 
cases in which an inside setting can be 
had that is readily available for read- 
ing and in which the special circum- 
stances accompanying repairs are ade- 
quately provided for. 

Until recently no one has cared to 
eliminate the causes of serious com- 
plaints by those who must read and 
maintain meters which have been set 
without consideration for their comfort 
and even safety. For example, the §- 
and 1-in. meter settings and boxes re- 
quired the repairman or meter setter, 
when working, to sprawl in the mud, 
dirt, or snow, and to have need of three 
hands where at best only two could 
reach. This difficulty is greatly lessened 
by the use of copper setters which, by 
raising the meter, both simplify read- 
ing and usually place the meter above 
the water and muck so frequently found 
in meter boxes. The use of lipped nuts 
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the difficulty of connecting a meter in 
the copper setter. 


Meter Enclosures 


It was the haphazard enclosures or 
vaults that were used for meters of 
1.5 in. size and larger that were truly 
inexcusable. These, excessively costly 
to build, were always damp and slimy— 
often actually unfit places for human 
beings to work. Head room was fre- 


quently inadequate because of drainage 


Brick Floor 


problems and, when the entrance was 
made large enough to permit reason- 
ably free access to the vault, the covers 
became so heavy that two men were 
required for meter reading. Further- 
more, many covers were rectangular 
and meters were often damaged or de- 
stroyed by covers falling into the vault. 


New Designs 


Recently adopted standard settings 
for all meters and detector checks— 
both singly and in combination—now 
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Fig. 3. Dual 2-in. Disc Meter Setting "* ae 


Dual 2-in. disc is used in place of 3-in. compound meter. 
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Fig. 4. Setting for a 6-in. Compound Meter 


‘liminate most of the serious disadvan- rial streets. Because of this it has been 


ages of the outside meter settings for- 
merly used. It is these new designs 
that, it is believed, will be of interest. 
Use has demonstrated them to be as 
learly the ideal as can be had so long 

s the style of meters now available 
remains the same. 

Although not required because of 
rost penetration, all service pipes must 
ave 30 in. of cover in order to be 
low the thick street paving on arte- 


found advisable to use the two 45-deg 
bends on the inlet side of the large 
meters in order to bring the meter parts 
closer to the surface for ease of read- 
ing and maintenance. 

All vaults are now built with stand- 
ard parts which are so designed as to 
permit the fabrication of vaults for all 
1.5-in. and larger meters and combina- 
tions and still require a minimum num- 
ber of different pieces in stock, ° 
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Advantages 


There are many advantages derived 
from this construction: with the read- 
ing opening only 5 in. in diameter, its 
lid is easily removed and replaced ; the 
vault cover, in single or multiple sec- 
tions, is easily removed for meter re- 
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the cost of the average vault has been 
reduced from approximately $300 to 
less than $100. 

Thus, by a small investment in effort, 
the most important objections to out- 
side meter settings have been almost 
eliminated. The public reaction has 
been especially pleasing and many com- 


8 in. x8 in. Sump 


_ 402 in 


= 
6 in. x4 in. 


pairs permitting the repairman to work 
in fresh air, uncramped ; tools and parts 
are easily accessible and, as a result, 
time needed for reading or repairs has 
been materially reduced. 

Other great advantages are that no 
skilled labor is used for their construc- 
tion because the vaults are bolted to- 
gether and no roof forms have to be 
constructed and removed, thus reduc- 
ing blocking of the sidewalk during 
concrete pouring and setting. Lastly, 


pliments have been received since the 
new designs were adopted. 

Figure 2 shows the setting of 1.5- 
and 2-in. disc meters. In Fig. 3 a dual 
2-in. disc is used rather than 3-in. com- 
pound meters. Figure 4 shows a 6-in. 
compound; Fig. 5, an 8-in. detector 
check for fire lines; and Fig. 6, a top 
view of a 4-in. compound meter set- 
ting with a 6-in. detector check. 

It should be noted that all meters 
1.5 in. and larger are provided with 
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bypasses. These are sealed and nor- 
mally inaccessible, but when the vault 
covers are removed, they can be 
reached easily for operation. These 
bypasses are a valuable addition to the 
design because they permit repair or 
even exchange of meters without seri- 
ous inconvenience to the customer. 


Unsolved Problems 


Obviously, the problems resulting 
from meters being occasionally sub- 
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Ottawa—W. Elwood MacDonald 
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merged where storm sewers are not 
readily available remains a serious ob- 
jection to outside meter settings. In 
addition, the necessity for special pro- 
visions to prevent moisture accumula- 
tion and fogging of the dial glass cover 
still exists in damp locations. But 
even these difficulties can be eliminated 
when there is a sufficient demand to 
warrant the development expense of 
dials which may be placed remote from 
the meter. 


A paper presented by W. Elwood MacDonald, Comr. of Water Works, 


Water Works Dept., Ottawa, Ont. 


The ideal setting of a water meter 
is in a meter chamber at or near the 
property line. Installations of this kind 
provide a return to the water works 
organization for all water consump- 
tion on the premises of the owner. 

As has been noted, however, the loca- 
tion of a meter is first dependent on 
the local climatic conditions. 


Conditions at Ottawa 


Ottawa, situated in eastern Ontario 
it a latitude of 45 deg. has tempera- 
tures which vary from 98°F in the 
summer to a minimum in the winter 
nonths of about —38°F. The tem- 
perature of the water throughout the 
listribution system ranges from 84°F 
to 33°F. 

An accurate record of the degree 
days of frost is maintained annually in 
Ottawa. This record consists of the 
-umulative total of degrees below freez- 
ng—the difference between the mean 
laily temperature and 32°F, without 
reduction for days when the mean tem- 
perature is above the freezing point. 


The statistical information compiled on 
the above basis from 1932 to 1955 in- 
clusive shows an annual average of 
1,720 degree days, with a high of 
2,854.5 in 1933-34, and a low of 788.0 
in 1932-33. This record is maintained 
as a guide to determine the severity of 
the winter in relation to frost penetra- 
tion in the soil. 

In 1947, a study of frost penetration 
was made for the city by Robert F. 
Legget (1) of the National Research 
Council of Canada. As a result of in- 
tensive studies, he concluded, with re- 
spect to the conditions existing in the 
city of Ottawa, that: “. . . if 500 or 
more degree days occur before the end 
of December in Ottawa, some consid- 
eration should be given to restrict the 
snow plowing in areas where water 
pipes are vulnerable.” 


Meter Installation 


Early in 1953, in response to an ex- 
tension of city boundaries, the water 
department undertook the installation 
of approximately 40,000 meters at an 
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estimated cost of $1,250,000. Before 
beginning the actual work of installa- 
tion, the department first carried out 
an intensive study of the various meth- 
ods of meter installation, particularly 
of the smaller sizes, with a view to 
determining the most efficient method 
at the lowest cost. With a few excep- 


tions, installation within the buildings 


was adopted as standard practice 
largely in consideration of the severity 


MacDonald Meter Setting on 
Copper Service 


of the winters in Ottawa. The bylaws 


of the corporation provide that the 
owner or tenant shall give every aid 
in the installation and protection of 
such water meters. 


Preliminary Survey 


Before actual installation, a prelimi- 
nary survey was carried out to deter- 
mine the location of the meter. It must 
be close to the point where the water 
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service enters the building and so 
placed as to register all the water con- 


sumed within the building, = = 


It has been found after several years 
that installation of meters within build- 
ings is the only practical method which 
can be followed in this city. The ad- 
vantages of interior installation in this 
northern climate are: 


Interior Installation 


1. Installation can be made during 
winter or summer under very favorable 
working conditions. 

2. Readings can be obtained, gener- 
ally, without delay. 


TABLE 3 

Installation Costs With New Type 

Meter Setting 

$2.75 

1.75 


4.50 


Iron 
Pipe 
$2.75 

1.95 


4.70 


Item 
Labor 
New type meter setting 


Total 


3. Testing of meters can be carried 
out under excellent working conditions. 

4. The meters can be removed and 
a new meter reset within a minimum 
time. 

5. A greater number of meters can 
be read daily without snow removal 
during the winter season. 


Certain situations exist, however— 
due to the extreme setback of buildings, 
with intervening connections between 
the street line and the building proper 
—where it is not expedient to install 
meters within the buildings. In instal- 
lations of this kind, the remote loca- 
tions of the buildings require that me- 


Special Installations 
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ters be installed close to the property 
line. In such installations, the meters 
are installed in chambers approximately 
8 ft below the surface. These meter 
chambers are filled with an insulating 
material (mineral wool) to prevent 
damage to the meters by frost. 


Installation Costs 


Before proceeding with the installa- 
tion of meters, plans and specifications 
were prepared and tenders invited 
covering installation of small-size me- 
ters. These tenders were for installa- 
tion only, exclusive of all materials. 
The prices included the installation in 
accordance with the conventional 
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The actual cost of meter installation 
by city crews using the new type of 
meter setting, for a §-in. meter is 
shown in Table 3. 

To date, approximately 28,000 3-, 
X and #-in. meters have been in- 
stalled using this meter setting. Ap- 
proximately 26,000 2-in. meters have 
been installed at a unit saving of $2.96 
compared to the cost with the conven- 
tional method. This represents an ac- 
tual saving to the municipality of 


$75,000. 


Large-Size Settings 


All meters 1.5-2 in. in size are in- 
stalled in the conventional manner and 


Drain 


5° 


; 4 Fig. 8. Typical Installation for 4-in. (and Over) Meters 


method of using the usual straight tail 
pieces with nipples and four 90-deg 
bends, and ranged from a high of $32 
to a low of $10 per installation. 

The labor cost involved using the 
conventional method was entirely too 
high and, after considerable research, 
the author designed and had manufac- 
tured a new type of meter setting 
(Fig. 7). This new device is now 
available in both Canada and the 
United States. It is entirely different 
from any meter setting on the market 
and will permit substantial savings in 
the installation of §-, § X 3- and 3-in. 
meters. 


are removed to the meter testing labo- 
ratory when testing is required. All 
meters 4 in. in size and over are in- 
stalled with a bypass; with a test T 
and valve; and with valves before the 
meter, after the test T, and on the by- 
pass. In this way, meters can be re- 
moved for repairs or other necessary 
work without interfering with the sup- 
ply of water to the consumer, and they 
can be tested in place by using the 
test T and field apparatus. If the 
meters are installed in a building, there 
is no particular need of a chamber. 
If the meter is outside a building, how- 
ever, a reinforced concrete chamber is 
constructed as shown in Fig. 8. 
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Methods of Reading 
To facilitate the reading of water 
meters an arrangement was completed 
approximately 3 years ago with the Ot- 
tawa Hydroelectric Commission under 
which that organization reads all elec- 
tric and water meters simultaneously. 
This method is working out most 
satisfactorily and is heartily endorsed 
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Fig. 9. 
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are transferred daily, using the mark 
sense method, to cards which are proc- 
essed and billed by appropriate busi- 
ness machines. 


RA 


Meter Insulation 


Where indications point to a tem- 
perature below 30°F within any build- 


Meter Insulating Box 


Left view shows complete box; right, one side removed, with mineral wool exposed. 
Sliding top panel is open in both views. 


by all tenants and homeowners as it 
reduces the number of annual meter 
readings by half. The cost of reading 
water meters in Ottawa in 1956 was 
12.434 cents per reading. 

The actual readings are recorded in 
the meter readers’ books on site and 


ing, special precautions are taken by 
the department to install around the 
meter a protective insulating device. 
This device consists of a specially de- 
signed wooden box which is fitted se- 
curely to the special type meter set- 
ting used in Ottawa (Fig. 9). The 
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meter, in the center of the box, is pro- were meters protected by the special 
tected from frost by mineral wool. To _ insulation box. 
facilitate reading, each box is equipped 
with a sliding top panel. The insu- Reference 
lating units can be installed on the 
& X #-in. size for $1.50 per unit. 
During the past severe winter, 478 
meters were frozen ; only seven of these 


1. Leccett, R. F. & Crawrorp, C. B. Soil 
Temperatures in Water Works Prac- 
tice. Jour. AWWA, 44:10 (Oct. 
1952). 
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The paper “Experimental Evaluation of ‘Water Conditioner’ Performance” by Rolf 
Eliassen and Rolf T. Skrinde (September 1957 JourNaL, Vol. 49, pp. 1179-1190) 
contained an error. The charts for Fig. 10 and 11 (pp. 1188 and 1189) were trans- 
posed. The drawing that appears on p. 1189 should appear as Fig. 10, “Effect of 
Evis Treatment on Solubility of Scale” (p. 1188) ; likewise, the drawing that appears 
on p. 1188 should appear as Fig. 11, “Effect of Evis Treatment on Filtration of Cal- 
cium Carbonate Solution” (p. 1189). 
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Status of Fluoridation in the United States 
and Canada, 1956 


Task Group Report 


A report of Task Group 2620 P—Fluoridation Materials and Methods, 
submitted by Robert S. Phillips (Chairman), Asst. Supt., Charlotte 
Water Dept., Charlotte, N.C. Other members of the task group are 
R. L. Derby, H. A. Faber, A. E. Griffin, L. E. Harper, W. L. Harris, 
F. J. Maier, O. J. Muegge, R. W. Ockershausen, R. C. Pickard, F. S. 
Taylor, H. W. Tracy, D. B. Williams, and J. C. Zufelt. 


HE fluoridation of public water sup- 
plies for the prevention of dental 
caries continued to show steady growth 
in North America during 1956. Two 
hundred and thirteen communities in 
the United States and seven municipali- 
ties in Canada instituted the controlled 
addition of fluoride compounds to water 
supplies during the year. 

By the end of the year nearly 1,500 
communities in the United States were 
furnishing fluoridated water to a popu- 
lation of 31,416,112 persons. This 
represents a growth of nearly 27 per 
cent when compared with the popula- 
tion served at the end of the previous 
year. In Canada the rate of growth 
was almost as great. By the end of 
1956, 25 Canadian municipalities, serv- 


ing a population of 890,450 persons, 


were adding fluorides to the water sup- 
plies. Table 1 and Fig. 1 shows the 
progress which has been made since 
1945. 

In the United States the growth in 
fluoridation was generally consistent in 
cities and towns of all sizes. By the 
end of 1956 more than 28 per cent of 
the communities having a population 
of 10,000 or more were being served 
fluoridated water (Table 2 and Fig. 2). 


During 1956, Chicago, the second 
largest city in the United States, began 
to fluoridate its water supply. With 
the beginning of this installation, ten 
of the fifteen largest cities in the United 
States (1950 populations) were adding 
fluorides to their water supplies. 
These cities are Chicago, Philadelphia, 
Baltimore, Cleveland, St. Louis, Wash- 
ington, San Francisco, Pittsburgh, Mil- 
waukee, and Buffalo. Two other cities, 
Los Angeles and Houston, have water 
supplies in which fluorides occur natu- 
rally. The remaining three largest 
cities not fluoridating are Boston, De- 
troit, and New York City. 

During 1956 fluoridation was dis- 
continued by twelve water supplies in 
the United States serving a population 
of 184,546 persons. This loss was con- 
siderably smaller than in either 1955 
or 1954, when populations of 394,040 
and 1,069,875 were affected. Since 
1945, however, only about 6 per cent 
of the total population served has been 
involved in the discontinuances. In 
addition, it should be pointed out that 
ten water supply systems have reinsti- 
tuted fluoridation since 1945, four of 
which resumed operations during 1956 
(Table 3). 
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TABLE 1 
Growth of Fluoridation in the United States and Canada, 1945-56* 


United States Canada 


End of Year Number of —— Number of 
Water Systems Population Water Systems Population 

Using Ce Served Using Served 
Fluoridation ie Fluoridation 


1945 3 231,920 
1946 8 332,467 
1947 11 458,748 
1948 13 581,683 
1949 29 1,062,779 
1950 62 9: 1,578,578 
1951 171 : 4,948,259 
1952 353 13,552,501 
1953 482 17,080,930 
1954 571 21,208,304 
1955 667 7 24,775,698 
1956 759 31,416,112 


50,600 
50,600 
50,600 
50,600 
50,600 
50,600 
50,600 
160,150 
209,800 


> 
_ TABLE 2. 


Distribution, by Population Segment, of United States Communities Using Fluoridation, 
Dec. 31, 1956 * 


Communities Using Controlled 
Fluoridation 


Number of 
Communitiest 


Population Segment 
Percentage of 
Population 
Segment 


1,000,000 and over 5 40.0 
500,000-999,999 13 61.5 
250,000-499,999 23 30.4 
100,000—249,999 65 29.2 

50,000— 99,999 126 

25,000— 49,999 252 

10,000— 24,999 778 

5,000- 9,999 1,176 

2,500- 4,999 1,846 

1,000- 2,499 4,296 
Under 1,000, and not specified 9,968 


Total 18,548 


* Data furnished by US Public Health Service. 
t Source: Statistical Abstract, US Bureau of the Census, Department of Commerce, 1955. 
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TABLE 3 
Fluoridation Installations Instituted, Discontinued, and Reinstituted 1945-56 * a 


Fluoridation Institutedt Fluoridation Discontinuedt Fluoridation Reinstituted 


Number of Number of Number of 
Water Population Water Population Water Population 
Supply Served Supply Served Supply Served 

Systems Systems Systems 


1945 231,920 
1946 100,547 
1947 126,281 
1948 122,935 
1949 481,096 
1950 532,349 
1951 3,382,581 
1952 8,776,914 
1953 3,413,579 166,466 
1954 5,193,315 069, 3,934 
1955 3,947,462 13,972 
1956 6,786,591 38,369 


* Revised data furnished by US Public Health Service. 
+t Total, whether or not discontinued. 
ee Total, whether or not reinstituted. 


TABLE 4 


Distribution of Ownership of Supply and Agency Authorizing Fluoridation a " 
Dec. 31, 1956 * 


Ownership Authorization 


opulation Segment of Com- 
munities Other 


Utilities 
Public | Private | and Not or Com- 
Specified mission 


1,000,000 and over 2 
500,000-999 ,999 8 
250,000-499 999 7 
100,000-249 ,999 19 

50,000— 99,999 42 
25,000— 49,999 78 
10,000— 24,999 201 
5,000— 9,999 209 
2,500—- 4,999 251 
1,000— 2,499 277 
Under 1,000 190 
Not specified 203 


Ut 


do 


Total 1,487 
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Communities obtaining fluoridated 
water from publicly owned water sup- 
plies in the United States number 
1,272. This is somewhat more than 
85 per cent of the total number of all 
communities using fluoridated water. 
Authorization for the institution of 
fluoridation was given by the governing 
body in more than 84 per cent of the 


1,000,000 and Over } 
500,000-9* 
250,000-4¢ 
100,000-24 

50,000-99,999 


1,000- 


Under 1,000 ar 
Not Specified 


0 15 30 45 60 
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75 


Fig. 2. Percentage of US Communities, by 
Population Segment, Using Fluori- 


dation, Dec. 31, 1956 


93 
US Communities, Water Supply Systems, and Population Furnished With 
Fluoridated Water, 1945-56 


1946 1948 1952 1954 195 


1950 


tion by referendum. The percentages 
differ very little from the previous re- 
port (Table 4). 


Fluoridation Chemicals 


Sodium silicofluoride continues to be 
the chemical of choice by more than 
one half of the water supply systems. 
Sodium fluoride is the second choice, 
and is used by about one-third of the 
water supply systems. Consistent 
gains have been shown each year since 
1949 in the use of fluosilicic acid as a 
fluoridation chemical. There has been 
no change reported in the number of 
places using ammonium fluosilicate 
since 1954. Tables 5-7 and Fig. 3 
give the pertinent data. 

The use of fluorspar for fluoridating 
the water supply at Belair, Md., was 
reported by Maier and Bellack (1). A 
special dissolver utilizing an aluminum 
salt for dissolving the fluorspar was 
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TABLE 5 
Use by Water Supply Systems of Various Fluorine Compounds, 1945-56 * 


Chemical Used 


Total 
Water 
Supply 

Systems 


Sodium 
Silicofluoride 


Sodium 


Fluoride Other 


and Not 
Specified 


Ammonium 


Fluosilicic 
i Fluosilicate 


Acid 


Soln. 
Feed 


Soln. 
Feed 


Dry 


Dry 
Feed 


Feed 


1945 3 
1946 8 
1947 11 
1948 13 1 
1949 29 1 
1950 62 3 
1951 171 18 
1952 353 33 
1953 482 39 
1954 571 i 48 
1955 667 3 57 
1956 759 63 


wom 


* Revised data courtesy of US Public Health Service. ; 


TABLE 6 


Annual Cumulative Population Provided With Fluoridated Water, 
According to Chemical Used, 1945-56 * 


Chemical 


Total 
Population Other and Not 


Specified 


Ammonium 


Sodium 
Fluosilicate 


Sodium Fluosilicice 
Fluoride i 


Silicofluoride Acid 


231,920 
332,467 
458,748 
581,683 
1,062,779 
1,578,578 


231,920 
315,747 
428,028 
430,963 
840,225 
990,764 


16,720 
30,720 
30,720 
96,274 
376,211 


120,000 
120,000 
200,774 


4,948,259 
13,552,501 
17,080,930 
21,208,304 
24,775,698 
31,416,112 


1,386,189 
2,532,941 
3,003,621 
2,755,175 
3,527,862 
3,699,295 


3,245,020 
9,261,172 
12,066,458 
14,104,679 
15,929,206 
17,655,643 


302,109 
1,740,447 
1,815,939 
4,038,105 
4,980,228 
9,574,672 


4,112 
7,112 
9,612 
59,621 
59,621 
59,621 


| — 
: 
1 
4 2 
3 
5 
5 
5 
. 
err 
1947 
6,280 
10,829 
©1952 10,829 
1953 185,300 
250,724 
278,781 
1956 | | | | | 426,881 
F * Revised data courtesy of US Public Health Service. 
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used to produce a saturated fluoride 
solution and a fixed aluminum salt solu- 
tion. These solutions are utilized for 
coagulation and fluoridation of the 
water. 

Contrary to 1955 (2), there were 
no important shortages of fluoridating 
chemicals reported during the year. 

Despite the fact that the vast major- 
ity of fluoridation installations are oper- 
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manship of A. E. Griffin has been 
formed. AWWA members are re- 
quested to report any unusual difficul- 
ties to this subcommittee for further 
study. 


Fluoride Kit Study 


A study of permanent color compara- 
tors for measuring fluoride concentra- 


| | | 
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Fig. 3. Cumulative US Population Provided With Fluoridated Water, 
by Chemical, 1945-56 


ated with only minor problems, the 
committee has received reports from 
time to time on more severe difficulties 
experienced by operators in connection 
with the use of the chemicals. In 
order to evaluate these reports more 
fully, a subcommittee under the chair- 


tions was completed by the committee 
during the year. Franz J. Maier was 
chairman of the task group, consisting 
of personnel from five laboratories 
which cooperated in the study. The 
report of the work has been published 
in the Journal (3). 
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TABLE 7 


Chemical Used in Communities With Fluoridated Water, by Population Segment, vine 
Dec. 31, 1956 * 


a 


Chemical Used 


Number of 
Water 
Supply 
Systems 


Sodium 


Sodium 
Silicofluoride 


Fluoride Other 
and Not 


Specified 


Population Segment 
Ammonium 


Fluosilicic 
i Fluosilicate 


Acid 


Soln. 
Feed 


Soln. 
Feed 


Dry 
Feed 


1,000,000 and over 
500,000—999,999 
250,000—499 999 
100,000—249,999 

50,000- 99,999 
25,000— 49,999 
10,000— 24,999 
5,000—- 9,999 
2,500— 4,999 
1,000— 2,499 
Under 1,000 
Not specified 


Totals 


* Revised data furnished by US Public Health Service. 
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Direct Spectrophotometric Determination of 
Chloride Ion in Water 


Philip W. West and Hans Coll 


A contribution to the Journal by Philip W. West, Boyd Professor of 
Chemistry, and Hans Coll, Research Asst., both of the College of 
Chemistry and Physics, Louisiana State University, Baton Rouge, La. — 


HLORIDE ion is known to form 

stable complexes with ferric iron. 
The yellow color these complexes ex- 
hibit in acidic solutions is due to ab- 
sorption bands in the near ultraviolet 
extending into the visible region. The 
maximum wave length of one of the 
prominent bands lies around 350 mu, 
which makes it readily usable for spec- 
trophotometric analysis. The intensity 
of this band may be considerably en- 
hanced by the addition of perchloric 
acid. 

Based on the above observations, a 
spectrophotometric procedure for the 
determination of chloride ion at concen- 
trations as low as a few milligrams per 
liter has recently been proposed by the 
authors (1). The reagent employed is 
a solution of 0.014M ferric perchlorate 
in 12N perchloric acid. The volume 
of the unknown need not exceed 2.5 ml, 
and interferences from other ions are 
generally slight or nonexistent. The 
method can be considered as reliable, 
very simple, and particularly suitable 
for routine analysis of water. 

Up to the present time three titri- 
metric procedures for the determination 
of chloride in water have been recom- 
mended as standard methods, namely 
the Mohr and Volhard titrations with 
silver nitrate, and a mercurimetric de- 
termination (2). The purpose of this 
study is to illustrate some of the pos- 
sible advantages of the spectrophoto- 


RY 


metric procedure over the existing 
standard methods and to compare their 
performances in water analysis. Only 


the Mohr and the mercuric nitrate pro- 
cedures were included in these com- 
parative studies, because the Volhard 
method is more complicated, less accu- 
rate, and less applicable for low con- 
centration ranges of chloride ion. 


Reagents and procedure for the 
Mohr method were as specified in 
Standard Methods (2), except that, in 
order to facilitate the observation of 
the endpoints, a yellow light source was 
used for illuminating the titration 
vessel. 

In using the mercuric nitrate method, 
the reagents were specified and the ti- 
trations were performed essentially ac- 
cording to the procedure outlined by 
Standard Methods (2). It was found, 
however, that the endpoint of the titra- 
tion could be established more accu- 
rately through use of four blanks which 
contained the indicator and 0.05, 0.10, 
0.15, and 0.25 ml respectively of mer- 
curic nitrate standard solution. These 
blanks served as color standards for 
establishing endpoints after difficulty 
was encountered with attempts to ti- 
trate to one specific color because of 
the slow rate with which the reaction 
proceeded towards the endpoint. It 
was found that 5-10 min may be re- 


Standard Procedures 


= 
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quired before the color intensity of the 
indicator reaches its maximum. The 
titration was performed at a moderate 
rate until the first tinge of purple ap- 
peared. The sample was set aside, and 
after 15 min it was compared with the 
set of color standards. The excess 
volume of titrant was subtracted from 
the buret readings. The color stand- 
ards were stabilized by the addition 
of gum arabic. 


Apparatus: Two spectrophotome- 
ters * were used, one of them in order 
to prove its satisfactory performance at 
353 mp. A tungsten lamp was used as 
the light source. Matched 1-cm glass 
cells + were also utilized. 

Reagent: Shake 20-30 g of reagent 
grade Fe*** perchlorate with small por- 
tions of 70 per cent perchloric acid in 
Decant the 


Spectrophotometric Method 


a glass-stoppered flask. 
acid and repeat this operation until 
the acid layer no longer appears yel- 


low. Mount a coarse fritted-glass cru- 
cible of known weight on a suction 
flask, and transfer the purified iron 
perchlorate to the crucible. Press the 
crystals down with a glass rod flat- 
tened on one end, and remove the per- 
chloric acid by suction. Reweigh the 
crucible filled with iron perchlorate on 
a triple beam balance, and remove iron 
perchlorate from the crucible until ap- 
proximately 8 g are left. Dissolve this 
quantity in a few milliliters of distilled 
water, and add 1 liter of 70 per cent 
perchloric acid. The resulting solution 
then contains about 0.014M of iron 
perchlorate in 12N perchloric acid. 


* The spectrophotometers used were Models 
DU and B, both products of Beckman In- 
struments, Inc., South Pasadena, Calif. 

+ “Corvex” cells, made by Beckman Instru- 


ments, Inc. 


& 
1486 ar, _ P. W. WEST & H. COLL a: Jour. AWWA 


The formula weight of iron perchlorate 
cannot be taken as a basis for calculat- 
ing the exact strength of the solution 
with respect to iron, because part of 
the weight of the salt is due to adsorbed 
perchloric acid. The reagent is best 
stored in a closed system 10-ml buret ¢ 
which is equipped with a magnesium 
perchlorate charged drying tube at the 
inlet. 

Procedure: Deliver 7.4 ml of reagent 
into a 10-ml volumetric flask which is 
protected from light by a black coating 
almost up to the mark. Transfer 2} ml 
(or a smaller aliquot) of the unknown 
solution, containing not more than 50 
mg/I1 of chloride, to the flask and bring 
the solution to volume with distilled 
water. Shake the flask to mix the solu- 
tion and set it aside for a few minutes 
to cool. For accurate work cover the 
flask with a small bag of opaque paper 
so that the solution is completely pro- 
tected from light. Measure the absorb- 
ancy of the solution at 353 mp with 
respect to a blank containing only re- 
agent and distilled water. Read the 
concentration of chloride from a cali- 
bration curve derived by using the same 
procedure with known amounts (10- 
100 mg) of chloride. A new calibra- 
tion curve should be established every 
time a fresh reagent is prepared. A 
sample which contains 10 mg/1 of chlo- 
ride, under these conditions outlined 
above, should give an absorbancy read- 
ing of about 0.200, if 1-cm cells are 
used. 

Remarks: The spectrophotometric 
readings obtained for a given concen- 
tration of chloride ion will, to a certain 
extent, depend on the concentration of 
the reagent with respect to Fe*** as 
well as on the concentration of per- 


+A 10-ml Machlett buret, container capac- 
ity 1 liter (Machlett & Son, New York, 


| 
A 


chloric acid. By preparing a reagent 
solution of approximate strength and 
checking the reagent against standard 
chloride, setting up a calibration curve 
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composition of the complex and result- 
ing marked decrease in absorbancy. 
Samples protected against light in a 
manner as described above give con- 


stant readings over a period of days. i 


for each freshly prepared reagent, accu- 
A suspension of aluminum hydrox- 


rate results can be obtained consis- 
tently. The reagent is quite hygro- 
scopic, and must be stored in a con- 
tainer (buret with reservoir) which 
is protected from moisture, so that 
changes of concentration can _ be 
avoided. The reagent should not be 
in contact with any organic material. 
A film of the reagent has to serve as 
the stopcock lubricant of the buret, be- 


ide can be used for clarification of 
turbid water samples: 125 g of potas- _ 
sium alum are dissolved in distilled 
water and precipitated by addition of 
excess ammonium hydroxide; the pre- 
cipitate should be made free of chloride 7 

by repeated washing with distilled 
water, and the final volume made up to 
500 ml. 


TABLE 1 


Sample Chloride lon—meg/I Mean 
Method Size Average Deviation 
a Reading From Average 
Average Low High per cent 


Mohr 3.08t 


13.04 12.7 13.5 


#1.1 


Mercuric 2.73t 


nitrate 


12.13 11.8 12.5 


+1.4 


0.198 


Spectro- 
photometric 


12.45 


* Solutions contained 12.5 mg/1 chloride. 
t Milliliters buret reading. 


cause stopcock greases lose their lubri- 
cating properties when in prolonged 
contact with strong perchloric acid. 

The treatment of iron perchlorate 
with perchloric acid removes undesira- 
ble traces of chloride ion which may be 
present in the salt. The absorbancy of 
a blank (7.4 ml of reagent diluted to 
10 ml with distilled water) should not 
exceed 0.06 absorbancy unit with re- 
spect to distilled water (1 cm cells, 353 
mp). 

Once chloride ion has been added to 
the reagent, the solution has to be pro- 
tected against bright light to avoid de- 


= 


t Absorbency units after subtraction of blank value. 


Results of Experiments 


A solution which contained 12.5 
mg/I1 of chloride in distilled water was 
analyzed in 25 runs under identical 
conditions by each of the three methods 
in accordance with the procedures 
given above. The purpose was to ob- 
tain information as to accuracy and 
precision of the methods at low concen- 
trations of chloride under conditions 
favorable for reproducing the results. 
Silver nitrate as well as mercuric nitrate 
titrants were standardized in ten runs 
each against a solution containing 2.00 


Summary of 2 loride Solutions * en ee. 
— 
2 12.1 12.9 1.2 
4 

j ts bs 
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mg of chloride ion in 100 ml. Because 
of the small volumes of titrant con- 
sumed at these chloride levels a buret 
with 50 scale divisions per milliliter 
was used. The runs were extended 
over several days. A calibration curve 
for the spectrophotometric method was 
established from ten points covering a 
concentration range from 0.0075 to 
0.100 mg of chloride ion per 10 ml. 
_ The absorbancies were measured by 
means of a spectrophotometer (slit set- 
ting 0.55 mm). The test runs were 
performed in groups of five. Distilled 
- water was taken as the reference for 
the spectrophotometer readings, and 


TABLE 2 


Effect of Treatment With Aluminum Hydroxide 
Suspension on Absorbency of 
Water Sample* 


Untreated 
Sample 


0.091 
0.026 
0.044 
0.119 
0.098 
0.103 
0.075 
0.086 
0.120 
0.166 


Treated 
Sample 
0.013 
0.012 
0.020 
0.031 
0.028 
0.029 
0.026 
0.030 
0.031 
0.029 


*Absorbency at 353 mu with respect to distilled 
water. 


an average of five readings on blanks 

with respect to distilled water was sub- 

tracted. This somewhat unconven- 

_ tional procedure was justifiable from a 
statistical standpoint, because a vari- 

ation in one blank value would accord- 
ingly influence a whole set of measure- 
ments. A summary of results is pre- 
sented in Table 1. 

Natural waters of various chloride 
concentrations were then used for com- 
‘parative quantitative studies. Sus- 
pended material, if present, was first 
removed by filtration through coarse 
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filter paper. In some cases the filtrate 
was still turbid and slightly colored, 
and further clarification by means of 
chloride-free aluminum hydroxide was 
employed prior to the spectrophoto- 
metric determinations. Exactly 7 ml 
of water sample was transferred to a 
dry test tube and 0.5 ml aluminum 
hydroxide suspension added. The 
solution was stirred and centrifuged 
until all aluminum hydroxide had set- 
tled to the bottom of the test tube. 
An aliquot not exceeding 2.5 ml was 
then taken for the determination of 
chloride and the final result multiplied 
by the factor 7.5/7.0, the volume occu- 
pied by solid aluminum hydroxide 
being neglected. Table 2 shows some 
typical results obtained by this treat- 
ment. The lowering of the absorban- 
cies in those cases listed in Table 2 
must be considered as sufficient, be- 
cause the spectrophotometric procedure 
involved further dilution, at least by a 
factor of 4. By tests on solutions of 
known chloride content it was ascer- 
tained that treatment with aluminum 
hydroxide in the manner described did 
not cause any noticeable changes in the 
chloride concentration due to adsorp- 
tion. Eight samples of natural waters 
were subjected to analysis by the three 
methods. Table 3 presents the results 
as obtained. 

Finally, known amounts of chloride 
were added to two samples of natural 
waters whose chloride content had been 
determined previously (Samples 1 and 
5 in Table 3). The chloride concentra- 
tions of the resulting solutions were 
calculated on the basis of the value de- 
termined by the spectrophotometric 
method (Table 4). In the solutions 
derived from Sample 5, clarification 
with aluminum hydroxide was neces- 
sary. Accuracy and precision of the 
results in Table 4 are only meaningful 


— 
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in case of the spectrophotometric proce- 
dure (Method C) ; the titrimetric pro- 
cedures (Methods A and B) were only 
included as a check, and the results of 
these methods cannot be attributed the 
same weight as in the spectrophoto- 
metric procedure, because of the small 
number of runs or small sample sizes 
which lead to a more extensive error. 
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Conclusions 


Several factors have to be considered 
in any attempt to interpret the results 
of this work with respect to precision 
and accuracy of the methods applied. 
The precision achieved in titrimetric 
analysis will to a certain extent depend 
on the skill of the experimenter, while 
in spectrophotometric work the results 


TABLE 3 


Determination of Chloride Ion in Natural Waters 


Method* 


Mean 
Deviation 


Chloride—meg/I 


Averaget 


From Average 
per cent 


3.9 


4.95 (10) 


4.15 (10) 


+7.7 
+2.5 
+3.0 


(10) 


(3) 
(3) 
(8) 


(3) 
(3) 


(8) 


(3) 
(3) 
(8) 


(8) 
(10) 
(10) 


++ 


(3) 
(3) 
(8) 


(3) 
(3) 
(8) 


(3) 
(3) 
(8) 


1,170 1,189 


* Letters refer to following methods: A, 


1 ml, diluted 1 to 2. 


pr Sample was treated with aluminum hydroxide. 
1 ml, diluted 1 to 10. 


- 


HR ml, diluted 1 to 16.7. 


: g m Mohr; B, mercuric nitrate; and C, spectrophometric. 
tT Number in parentheses indicates number of runs for each sample. 


Fics 
4 
== 
A 100 3.8 5.5 
1 B 100 = 3.7 44 
Cc 2 3.9 4.5 
A 100 4. 
2 B 100 3. 
Ct 2 4. 4.4 4.9 +3.0 
A 100 11. 
3 B 100 10. ees 
Ct 2 14 11.3 11.5 +0.6 
A 100 19. 
4 B 100 18. 
Ct 2 19. 18.6 19.4 +10 
A 100 22. 22.5 23.2 +0.8 
B 100 21. 21.3 22.1 
Cc 2 22. 21.8 22.8 +1.0 
6 50 128. 
0.5§ | 125 124 127 +0.8 
— 
0.1|| 59 585 596 +0.6 
5 1,20 
8 6 1,20 
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can be assumed as essentially unaffected 
by human factors; here the quality of 
the instrument is decisive for the preci- 
sion of the measurements. With refer- 
ence to the foregoing experiments it ap- 
pears that the precision expressed as 
percentage of deviation from the aver- 
age is of comparable magnitude for all 
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lable source of error. It was found that 
the temperature effect is inappreciable 
(1), and no corrections were applied. 
The percentage of error due to volu- 
metric measurements (transfer of sam- 
ple) will be higher in the spectrophoto- 
metric procedure, but even in this case 
it should not be appreciable. 


TABLE 4 
Determination of Chloride Ion in Selected Samples 


Theoretical 
Chloride Ion 
Concen- 
tration 


Samples* Methodt 


Error With 

Respect to 

Theoretical 
Value 
per cent 


Average Mean 
Determined Deviation 
Chloride Ion From 

Concentration Average 
mg/\it per cent 


24.05 


24.5 (2) 
22.9 (2) 
23.8 (8) 


43.6 (2) 
44.0 (2) 
43.2 (8) 


104.3 (3) 
103 (9) 
102.5 (8) 


32.4 (2) 
31.6 (2) 
31.8 (8) 


A 
B 
Cc 
A 
B 
A 
B 
Cc 


41.5 (2) 
42.5 (2) 
41.5 (8) 


Sc 71.05 


72.5 (3) 
71.0 (6) 
70.6 (8) 


+0.4 


* Samples No. 1 and 5 from Table 3. 


f Parentheses indicate number of runs for each sample. 
Letters refer to: A, Mohr; B, mercuric nitrate; and C, spectrophotometric methods. 


§ Sample was treated with aluminum hydroxide. 


three methods. As to the titrations, it 
can be expected that the detection of 
the endpoints in a series of runs under 
identical conditions will give rise to 
small deviations only. The results de- 
rived from the spectrophotometric 
measurements may be considered as 
typical with respect to precision. Tem- 
perature changes may be one control- 


For low concentrations of chloride 
the precision of the Mohr titration has 
been estimated to be + 0.1 mg of chlo- 
ride ion, corresponding to 0.2 ml of 
titrant, and the precision of the mer- 
curic nitrate method is given as + 0.05 
mg, corresponding to 0.1 ml of titrant 
(2). These values have been consid- 
ered to be constant over a range of 


| 
“? 
| 
+1.0 ~1.0 
+0.3 ~1.8 | 
32.0 
+0.1 —0.6 
+0.7 -0.7 
| 
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chloride concentrations. In spectro- 
photometric work it may be assumed 
that instruments such as the ones used 
will give readings reproducible within 
1 per cent transmittance or less, ir- 
respective of dial reading. Based on 
these values, Fig. 1 illustrates the vari- 
ation of percentage of error with con- 
centration of chloride present in the 
unknown. The applicable experimental 
conditions were those outlined above 
(100-ml samples for the volumetric 


procedures, 2.5-ml samples in a total of 
10 ml for the spectrophotometric pro- 


cedure). Figure 1 indicates that at low 
chloride concentrations a higher preci- 
sion, expressed in terms of percentage 
of error, can be expected from the 
spectrophotometric method. In the ex- 
perimental studies on this method it 
was found that deviations from the 
average in individual measurements 


were well within the range defined by 
It can be implied that the | 


Curve C. 
proposed spectrophotometric method is 
free from uncontrollable effects which 
may cause appreciable random devi- 
ations. The readings were reproduci- 
ble within less than 1 per cent trans- 
mittance. The resulting percentage of 
error reaches a minimum at 0.434 ab- 
sorbancy unit (3) which in this case 
corresponds to about 21 mg/I of chlo- 
ride ion. At higher concentrations ap- 
propriate dilutions can be applied to 
obtain readings in the order of 0.434 
absorbancy unit. According to Fig. 1 
at 17 mg/l chloride the percentage of 
error should be the same for Proce- 
dures B and C (about 3 per cent). 


Expressed in absolute amounts of chlo- . 


ride this uncertainty equals 50 mg for 
Procedure B, but only 1.2 mg for Pro- 
cedure C. 

An unambiguous evaluation of accu- 
racy on the basis of this work does 
not seem to be possible. It appears 
from Tables 1, 3, and 4 that at low 
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chloride levels the Mohr method tends 
to give high results, if the titrant had 
been standardized against solutions of 
higher chloride content. This is con- 
sistent with the observation that the 
endpoints become more distinct once an 
appreciable precipitate of silver chloride 
has formed. The reverse seems to hold 
for the mercurimetric method. At low 
chloride concentrations the results tend > 


Error — per cent 


5 10 20 
Chloride lon 


Fig. 1. Percentage of Error Against 


Chloride Concentration 


Methods are represented by the following 
curves: A, Mohr; B, mercuric nitrate; 


and C, spectrophotometric methods. The 7 
dashed line extending from Curve C indi- 
cates the increase in percentage of boon 
for unknowns containing more than 21 
ppm of chloride if they are not diluted. 


to be too low. This effect may be 
explained by the law of mass action 
governing the dissociation of the mer- 
curic chloride. At low chloride con- 
centrations the values found increased 
in the order of the procedures: mer- 
curic nitrate, spectrophotometric, Mohr. 
Standardization of the titrants against — 
varying amounts of chloride, compara- _ 
ble to a calibration curve, should lead — 
to higher accuracies. In spectrophoto-_ 


metric work the accuracy will primarily a 7 
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TABLE 5 


’ Interfering Ions on Chloride Concentrations * 


Interfering Extent of 
Ion* 
Interference 


slight (+) 
negligible (+) 
moderate (+) 
slight ; precipitates 
above 800 mg/l 
negligible (—) 
negligible (—) 
heavy, must be 
absent (—) 


- * Amount in mg/1! of ion giving a deviation of about 


- 3 percent in a chloride concentration of 20 mg/l! per 


unknown. 


depend on the quality of the calibration 


In Tables 3 and 4, where the 


from the same calibration curve, the 


_ results all seem to be slightly low. 

_ Special care was taken in the prepara- 
_ tion of the standard curve for the sta- 
_ tistical runs (Table 1) ; there the accu- 
_ racy was practically ideal. 


It is to be expected that the spectro- 


photometric method will be more sensi- 


ent in natural waters. 
~ aluminum hydroxide can be considered 
as adequate to eliminate such interfer- 


tive toward colored contaminants pres- 
Treatment with 


ences in most cases. Occasionally, de- 
colorization with permanganate and 
oxalate ion may be required. A large 
excess of oxalate ion must be avoided. 

Table 5 enumerates interference ef- 
fects of other ions. A more complete 
discussion, including the determination 
of chloride in the presence of bromide 


_ has been given elsewhere (1). Sulfate 


if present at a concentration 
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greater in weight than six times that 
of chloride, will exert a noticeable in- 
fluence. Thus, among common con- 
stituents of natural waters, sulfate is 
probably the only potentially interfer- 
ing ion. The unknown should not con- 
tain a large excess of Fe***, acids, or 
alkali. Potassium ion forms an insolu- 
ble perchlorate and interferes by pre- 
cipitation if present in concentrations 
above 300 mg/I. 

It is felt that only in a few excep- 
tional cases will interference from other 
ions render the spectrophotometric 
method inapplicable for the determina- 
tion of chloride in water. With re- 
spect to reliability, precision, and accu- 
racy the proposed procedure compares 
advantageously with the standard titri- 
metric methods. Only a small volume 


,of sample is required, and the opera- 


tions involved are very simple. Chlo- 
rides can be determined in the pres- 
ences of iodides and bromides. 
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isn A contribution to the Journal by M. Starr Nichols, Asst. Director, 


N 1932, Collins, Lamar, and Lohr 

(1) reported strontium to be pres- 
ent in water of three separate wells 
from the city water supply of Wau- 
kesha, Wis., in amounts of 20, 13 and 
2 ppm, respectively. Again in 1952 
samples from this city were tested for 
strontium by the USGS laboratory at 
Columbus, Ohio, under the direction 
of W. L. Lamar, district chemist (2). 
The results on three separate wells 
showed strontium contents of 52, 33, 
and 40 ppm. 

The Oak Ridge National Laboratory, 
Oak Ridge, Tenn. (3), in 1952 made 
determinations of strontium on water, 
sewage influent, and effluent samples 
from Waukesha, with the following re- 
sults: 29.0 and 25.0 ppm strontium 
from two well samples; 17.8 ppm 
strontium from each of two samples of 
sewage influent; and 16.0 ppm stron- 
tium from each of two samples of sew- 
age effluent. 

The results reported by Collins, 
Lamar, and Lohr (7) and Lohr and 
Love (2) were obtained by spectro- 
metric methods. These reports caused 
the Wisconsin State Laboratory of 
Hygiene to make a survey of munici- 
pal waters from various localities in 
Wisconsin. fur. - 


In 1935 Braidech and Emery (4) 
made use of the spectrographic method 


and Dorothy R. McNall, Chemist, both of the State Lab. of Hygiene, 
P Univ. of Wisconsin, Madison, Wis. 


for the determination of various metals 
present in some 24 municipal waters 
of the United States. They considered 
their data semiquantitative, and re- 
ported strontium present in amounts 
varying from 0.1 ppm in waters from 
Santa Fe, N.M., to 10 ppm each in 
municipal waters from Bismarck, N.D., 
and Jacksonville, Fla., with most of the 
results less than 5.0 ppm. Alexander, 
Nusbaum, and MacDonald (5) made 
spectrographic analysis of waters from 
some 52 municipalities and reported 
strontium to be present in amounts 
varying from 0.0058 ppm for Charles- 
ton, S.C., to 1.9 ppm for the raw 
ground water from Wichita, Kan. 
Their three results for Santa Fe were 
0.14, 0.13, and 0.033 ppm, respectively. 
These authors produced excitation of 
the metal by means of a modified “cop- 
per spark” method using a high voltage 
spark between copper electrodes upon 
which the sample, one drop to each 
electrode, was placed and dried over 
P,O;. In 1950 West, Folse, and Mont- 
gomery (6) made flame spectrometric 
determinations of sodium, potassium, 
and calcium in natural waters, and 
showed how radiation buffers could be 
used to facilitate the measurement of 
these cations. No tests for strontium 
were included in their report. In 1955 


-Chow and Thompson (7) determined 


the strontium content of sea water 
using the flame spectrophotometer, and 
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TABLE 1 


Transmission Readings for Strontium Values in 
Buffered Solutions of Various Strengths 


Transmission Readings 
Strontium 
Content 
ppm Full 
Strength 


Half 
Strength 


Quarter 
Strength 


90.0 
63.8 
50.8 
38.0 


4.0 90.0 
3.0 78.8 
2.0 66.0 
1.0 53.7 
41.8 


90.0 
77.0 
64.8 
52.5 
39.5 


gave radiation interference values for 
the various other ions encountered. 
They used a synthetic sea water of 
varying chlorinity range to prepare 
their strontium standards. 


Results of Experiments 


In Wisconsin laboratory experiments 
the intensity of radiations emitted by 
strontium, when water was fed to flame 


with special atomizer burner, was 
measured with a_ spectrophotometer 
fitted with a flame attachment, a 
hydrogen-oxygen burner and a photo- 
tube multiplier.* The strontium spec- 
tral line of 460.7 mp was selected as 

* The spectrophotometer used was a Beck- 
man Model DU, product of Beckman Instru- 
ments, Inc., South Pasadena, Calif. The 
flame attachment was Model No. 9220, the 
hydrogen-oxygen burner, No. 4020; and the 
phototube multiplier, No. 4300. 
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the most suitable, because of the purity 
and intensity of the radiation. Other 
values on the instrument were: a slit 
width of 0.2 mm; selector switch set 
at 0.1; oxygen pressure of 8 psi; hy- 
drogen pressure of 9 psi; zero suppres- 
sion at 1.0; and full sensitivity. The 
sensitivity control was adjusted so that 
the transmission dial would read 90 
when the 4.0-ppm strontium standard 
was fed to the flame, and the 0.0- 
strontium standard using various radi- 
ation buffers would read in the vicinity 
of 41.0 when the 4.0-ppm strontium 
standard read 90 on the transmission 
dial. 

For extreme accuracy it appeared 
necessary to prepare standard radiation 
buffers containing in solution the ions 
present in each natural water in the 
same concentration, and to use this syn- 
thetic water to prepare a standard curve 
for each natural water as the mineral 
analysis of each municipal water was 
available. After further work it was 
decided to use approximations of these 
concentrations of natural solutes. The 
full-strength radiation buffer used con- 
tained: 68.1 ppm Ca ion (as chlo- 
ride) ; 36.0 ppm Mg ion (as sulfate) ; 
and 4.6 ppm Na ion (as chloride). 
These amounts were used because they 
represented the average cation content 
of Madison city water, which corre- 
sponds in ion content quite well with 


many hard waters of the state. This 
buffer was diluted with distilled water 


TABLE 2 


‘Transmission Equivalent Values of 
Various Ions and Compounds 


Ion or Compound 


(1.0 ppm) 
0.0057 
0.0005 
“less than 0.0001 


0.013 
Chloride less than ¢.0001 
Sulfate 


Sodium thiosulfate 
(Na2S203-5H:20) 


Equivalent Value 
ppm Sr 
Calcium 
Magnesium 
Potassium 
Sodium 


to make half-strength and quarter- 
strength radiation buffers. These three 
radiation buffers were used to make 
standard strontium curves, from which 
to measure the strontium contents of 
waters corresponding approximately 
with the solids content of these buffers. 
The transmission values of these stand- 
ards made with these radiation buffers 
are given in Table 1. 
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Radiation interference of the various 
constituents encountered in Wisconsin 
waters were measured for their trans- 
mittance value under the same condi- 
tions as those used for the strontium 


TABLE 3 


standards. 
centrations for each ion similar to the 
variance encountered in these natural 
waters but dissolved in distilled water, 
it was possible to set up strontium 


es 
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By using a range of con- 


Strontium Values in Wisconsin Communities* 


Community 


Strontium 
Content 
ppm 


Community 


Strontium 
Content 
ppm 


Community 


Strontium 
Content 
ppm 


Algoma 
Well No. 1 
Well No. 2 
Allouez 
Well No. 1 
Well No. 2 
Webster Ave. 
Green Ave. 
Beaver Dam 
Brandon 
Brown Deer 
Burlington 
Well No. 6 
Campbellsport 
Cedarburg 
Cedar Grove 
Clyman 
De Pere 
Front St. 
Main Ave. 
Fond du Lac 
Well No. 
Well No. 
Well No. 
Well No. 
Well No. 
Well No. 15 
Fox River Heights, 
S. D. 
Fredonia 
Glendale 
Grafton 
Green Bay 
Cass St. 
9th St. 
Roland Rd. 
Military Ave. 
Shawano Ave. 
Highland Ave. 
Mason St. 
Gray St. 
James Church 


10.60 
10.60 

2.76 
10.00 


4.80 
3.64 
8.80 
1.14 


6.40 
3.30 
3.00 
3.40 
3.20 
4.00 
5.20 
3.40 
3.40 


Greendale 
Hartford 
Horicon 
Hustisford 
Iron Ridge 
Johnson Creek 
Juneau 
Kaukauna 
Well No. 4 
Well No. 5 
Well No. 6 
Well No. 7 
Kewaskum 
Kewaunee 
Well No. 
Weil No. 
Kimberly 
Kohler 
Well No. 2 
Well No. 3 
Well No. 4 
Little Chute 
Lomira 
Well No. 1 
Well No. 2 
Luxemburg 
Mayville 
Menomonee Falls 
Mukwonago 
Well No. 1 
Well No. 2 
New Holstein 
N. Fond du Lac 
Oakfield 
Oconto 


Oostburg 

Peshtigo 
Well No. 3 
Well No. 4 

Pewaukee 
Well No. 


| 
| 


32.8 
2.46 
3.56 
2.24 


Pewaukee 
Well No. 2 
Preble 
Well No. 1 
Well No. 2 


Random Lake 

| Reeseville 

Saukville 

Sturgeon Bay 
Well No. 1 
Well No. 5 

Sturtevant 

Union Grove 
Well No. 1 
Well No. 2 

Walworth 
Well No. 1 

Watertown 
Well No. 
Well No. ; 
Well No. 

Waukesha 
North St. 
Newhall Ave. 
Moreland Ave. 
Baxter St. 

Waupun 
Well No. 2 
Well No. 9 

Wauwatosa 
Well No. 
Well No. § 

'| Well No. 

| Well No. 

| Well No. 

| Well No. 

|| Well No. 11 

| Williams Bay 

Winneconne 

Wrightstown 


-* Communities with content over 1.0 ppm. 


6.68 
6.60 
13.0 
118 
29.0 
25.4 1.2800 
33.6 234 
29.6 12.8 
44 
14.0 
2.13 12.6 
1.10 
8.80 1.92 
4.00 1.10 oe 
1.54 1.06 
| 38.4 
14.2 32.3 
14.6 25.6 
1.00 12.8 
3.30 
34.5 2.25 
1.96 
2.10 
2.30 27.6 
9.80 28.4 
3.50 33.0 
1.90 1.04 4 
3.15 
17.5 
13.40 
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values of these ions and compounds, 
with a wavelength of 460.7 mp» and a 
slit width of 0.2 mm. These values 
are shown in Table 2. These equiva- 
lent values were used to correct the 
strontium value obtained on a small 
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number of water samples which, by 
mineral analysis, were shown to vary 
somewhat widely from the synthetic 
radiation buffers. 

In Table 3 are shown the values 
found in 100 separate municipal waters 
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Strontium Values in Wisconsin Communities 


It can be seen that the communities with over 1.0 ppm strontium in their waters (repre- 
sented by circles and squares) are concentrated in the eastern section of the state. 
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in Wisconsin. These values range 
from 39.1 ppm, found at Campbellsport, 
down to 1.0 ppm, found at Luxemburg. 
There are 279 waters not shown in 
Table 3 which have a strontium content 
below 1.0 ppm. In chemical analyses 
the strontium is included in the calcium 
value, and if the oxalate precipitation 
followed by the permanganate titration 
method is used, any strontium present 
will not disturb the ion balance. This 
partially explains why some of these 
high values were not found previously. 
The accompanying map of the state, 
Fig. 1, shows the high values for stron- 
tium to be found in waters from the 

stern part, extending from the IIli- 

is border to the northeastern bound- 

y with Michigan. In all other parts 


f the state the strontium content, ac- 
rding to present data, is less than 
1.0 ppm. 


Radioactivity 


In its natural state, strontium 
tomic weight 87.63, atomic number 
38) is not considered to be radioactive ; 
this element is not to be confused with 
trontium 90 of the same atomic num- 
r, although its chemical reaction is 
nilar. Although no radioactivity was 
pected from the solids of waters found 
zh in strontium, nevertheless, one of 
he water samples from Waukesha 
38.4 ppm strontium) was evaporated. 
The residue was subjected to the 
alpha-beta-gamma proportional coun- 
ter.* Background radiation and a 
nilar residue from Madison city 
iter, low in strontium, were likewise 
subjected to a total count in the same 
counter. The results showed back- 
ground radiation of 30 cpm, radiation 
Waukesha water of 30 cpm, and in 


* Serial No. 69, product of the Nuclear 
‘asurements Corp., Indianapolis, Ind. 
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Madison water of 28 cpm. The labo- 
ratory is not equipped with coincidental 
counting equipment for measuring very 
low radioactivity, but the values given 
show there is no significant radioactiv- 
ity in this water containing large 
amounts of strontium. 


Geological Relationship 


Because of variations in formations 
penetrated in drilling the various wells 
and lack of information on formations 
cased off, it is not known which forma- 
tion is yielding the high-strontium 
waters. In this eastern part of Wis- 
consin there are geologic faults ex- 
tending in a north and south direction, 
and they may have some bearing on 
the character of these waters. Similar 
geologic formations are found in the 
southwestern area of the state, but no 
waters in that area have been encoun- 
tered to date which yield high strontium 
values. 


Analyses of some 380 municipal 
waters from Wisconsin showed a stron- 
tium content ranging from less than 0.1 
ppm to a high value of 39.1 ppm. The 
high-strontium values were found in 
waters along the eastern part of the 


state. 
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Design of Underground Storage Reservoirs 


Allan B. Patterson 


A paper presented on June 19, 1957, at the Canadian Section Meeting, 
Winnipeg, Man., by Allan B. Patterson, Deputy Comr. of Works, 
Water Works Div., Municipality of Metropolitan Torento, Ont. 


UCH has been written in the 
JouRNAL (/-3) on the methods 
and techniques of sizing storage reser- 
irs, which fall roughly into four clas- 
ications: [1] overhead standpipes or 
nks; [2] impounded storage reser- 
irs; [3] filtered-water clear wells, 
sociated with pumping and filtration 
ants; and [4] underground distribu- 
yn storage reservoirs. This article 
ll deal with some important aspects 
the underground distribution storage 
pe of structure. 
Reservoirs of this type in municipal 
iter works systems play an important 
rt in the economical supply of water. 
neir value in promoting continuity of 
rmal service during periods of un- 
ual demand cannot be overempha- 
red and probably represents the 
eatest single benefit. Metropolitan 
xronto is witnessing the most amaz- 
y suburban growth in its history. As 
inted out in an address by the chair- 
in of the metropolitan council : 


Perhaps the best illustration of the eco- 
mic change which has been going on 
the one that is closest to us and with 
lich we are most familiar. In 1945 sub- 
banization started with a vengeance; 
> population grew by leaps and bounds ; 
t soon filled the city and spilled over the 
rders. The city’s population remained 
tatic at just under 700,000, but the 
pulation in the suburbs grew from less 
an 100,000 in 1945 to over 700,000 in 
1956. That is seven times in 11 years. 


Since 1945 we have seen the demon- 
stration of a most amazing new mathe- 
matical proposition, that you can have 
multiplication by subdivision. We have 
seen the miracle of suburbia. All of a 
sudden everybody wanted to get out into 
the country so that their children would 
have freedom from sidewalks and pave- 
ments [and] so that they could enjoy the 
fields and the streams, but it was not 
long before they discovered that cars op- 
erate better on pavements than in mud _ 
holes [and] that it is better to have water 
in the tap than in the cellar. Thousands 
never knew before what a sump pump 
was. Now it is standard equipment. .. . _ 


The larger suburban lawn and gar- 
den plot is, no doubt, a permanent 
fixture, requiring new thinking with 
respect to the magnitude of water stor- 
age reservoirs; to assist those contem- 
plating future construction, some im- 
portant aspects of these reservoirs : 


presented in this article. 
Gatehouse Design 


One of the most interesting features 
to be found in connection with under- _ 


or gatehouse design. The reservoir 
supply line should contain a control 
gate valve reasonably close to the reser- 
voir proper, and, if associated with a 
pumping station for repumpage of the 
stored water, it should be adjacent 
thereto. This valve should be equipped 
with a bypass of the double-valve type 
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to facilitate the dewatering of the sup- 
ply main on either side or section of the 
main. The methods illustrated in Fig. 
1 and 2 makes use of two bypass valves 
installed adjacent to the bypass pads on 
the main valve body and a special re- 
turn bend elbow. Both ends of the 
valve and the elbow are arranged for 
mechanical couplings to speed instal- 
lation and to facilitate removal. With 
such an arrangement, applicable on all 
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Opening Frame and Cover 
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with the main reservoir wall, and is 
either set into the reservoir so that 
the outer wall is a clean unbroken 
line or is built adjacent to the main 
structure, using the main reservoir wall 
as one of the four sides. The choice 
is entirely at the utility’s option, unless 
site limitations dictate, because the lat- 
ter method obviously requires some 
20 ft of additional space to permit the 
gatehouse to project beyond the main 
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Fig. 


large trunk distribution valves in the 
Toronto area in the 30-in. size and 
above, dewatering of the main is 
quickly accomplished. Inside the gate- 
house the reservoir supply main is 
arranged to suit individual design 
requirements. 

In the divided or two-basin reservoir, 
the type used in Toronto, the gate- 
house is constructed at the extreme 
end of the dividing wall at its junction 


Projected Gate House Structure, Utilizing Wye-Branch Pipe Entry - 


reservoir structure. This should not 
cause any concern, because in order to 
maintain a slope of at least 3:1 on the 
sloping banks of earth cover placed 
around a reservoir, and with the reser- 
voir projecting 4 of its depth above the 
adjacent ground, it must be set at least 
30 ft from the property line. 

Figures 1 and 2 illustrate the two 
alternative methods of design usually 
employed in the design of gatehouse 
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structures. Figure 1 shows the pro- 
jected type, which lends itself well to 
a wye-branch pipe entry. Although 
this permits a neat piping arrangement, 
a word of caution is necessary: 
Toronto’s experience with the wye- 
branch type of design in cast iron has 
not been ideal, because of failure, usu- 
ally evident along the horizontal part- 
ing line of the casting and due to stress 
oncentrations in the crotch of the wye 
isting. These troubles can probably 
e overcome with the use of fabricated- 
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superior to the other, all things being 
equal, but there are factors of site 
limitation, ground contours, and archi- 
tectural appearance that will dictate 
the final choice. 


Two reservoir control valves, or 
basin-isolating valves, should be incor- 
porated in the design of the piping, 
and considerable latitude can be given 
here. The gate valve lends itself rather 
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eel specials, suitably ribbed and pro- 

cted against corrosion (4). Ifa cast- 

g is required, however, one of supe- 
rior cast iron, ductile iron, or noduloy 
can be used, also suitably ribbed and 
lesigned with well rounded corners 
and with all thin or weak sections 
amply proportioned. 

Figure 2 illustrates the indented 

ethod of design for the gatehouse, 
which lends itself more directly to a 
tee-inlet connection rather than a wye 
ranch. It is not — that one is 


Indented Gate House Structure, Utilizing Tee-Branch Pipe Entry 


well to extension spindles, and if the 


operators are to be placed on the floor 
above, this arrangement is quite neat 


and tidy. Working pressures admit- 
tedly are not high, but serious consid- 
eration should be given to specifying 
a valve of at least 125-psi design pres- 
sure. This is because of the extra 
strength, ruggedness, and more trouble- 
free operation associated with the 
heavier design. 

In larger reservoirs electric motor- 
operated mechanisms of the torque- 
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limiting type may be necessary, and 
it is more certain that routine opera- 
tion and maintenance will be performed 
with motor operation, as opposed to the 
10,000 or so manual turns required to 
operate a 42-in. geared, head-stock 
operated, gate valve from the fully 
open to the fully closed position. 

It has been standard practice in 
Metropolitan Toronto to build large 
underground reservoirs in two basins. 
The division wall is so designed and 
constructed that either half of the reser- 
voir may be completely dewatered for 
inspection while the other half remains 
in service. In addition to this most 
important function, by means of the 
installation of a bypass valve at the end 


of the wall remote from the inlet a- 


most desirable and necessary circula- 
tion of water can be_ established 
whereby short circuiting and stagna- 
tion of the stored water is virtually 
impossible. 

To complete the picture, then, there 
are two check valves, one in each leg 
of the tee or wye just after the division 
has been made in the gatehouse. Their 
function is such that when the reservoir 
is being filled, the inlet valve must open 
while the outlet closes, and during the 
period when reservoir water is being 
used, the reverse functions must be per- 
formed. The check valve should not 
be of the leak-tight design, because of 
the rather low unseating pressures and 
the ever present danger of sticking in 
the closed position. 

Reservoir deflector valves have been 
designed for this purpose and are in- 
stalled in pairs, one in each of the 
branches connecting the main supply 
line to each basin. Each valve consists 
of a rugged body casting through which 
a stout stem has been installed in a 
horizontal position. This stem is se- 
curely keyed to a butterfly type disc 
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which closes against lugs on the body. 
Since these lugs are not continuous, as 
are the usual seats, the chance that the 
disc will remain in the closed position 
is extremely remote. In addition the 
horizontal stem is installed a few inches 
above the pipe centerline so that a 
slight differential on either side of the 
valve is sufficient to cause it to func- 
tion. A positive handle and locking 
device is incorporated on the outboard 
end of the stem and a rugged, foolproof 
arrangement makes it possible to lock 
the valve in the open position. This 
arrangement is, of course, necessary 
when one basin is out of service requir- 
ing the remaining basin to float on the 
line. 

The operation of inspection and 
maintenance with such an arrangement 
becomes relatively simple and means 
that the reservoir is never off the dis- 
tribution system completely during in- 
spection periods. The work necessary 
to fill a large reservoir after the inspec- 
tion period is considerably reduced by 
employing the two-basin design, be- 
cause it is necessary only to open the 
bypass valve to admit water for flush- 
ing purposes and for partial filling. 
Once the basins have been equalized 
and a sample cleared for sterilization, 
the half-full reservoir can be returned 
to service on a Friday night and filled 
over the weekend period, ready for 
normal service on Monday morning. 


Other Design Features 


Smaller, but nonetheless important, 
features in the piping design should 
also be stressed. All important con- 
nections to the reservoir, such as sample 
lines and reservoir level, float pressure 
connections, should be constructed of 
brass or copper pipe, of regular iron 


pipe size, to the first control or shutoff 
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ralve, in order to minimize corrosion 
roblems. They should be kept tight 
o the walls and away from areas where 
hey can be kicked or accidentally 
roken by maintenance forces. 

An automatic air valve should be 
nstalled at or near the high point of 
he supply pipe, which usually occurs 
ear the entrance tee, to admit air if 
| water hammer condition should ever 
xist during a period when the reser- 
‘oir has to be taken out of service. 
Jnder these conditions an air valve is 
he last fitting on a closed system, and 
f a sudden drawdown of district pres- 
ure should occur, the air valve will 
mit air and minimize the possibility 
f pipe collapse. 

For example, during a routine fall 
nspection of the 50-mil gal St. Clair 
Reservoir, the check valve, or more 
yroperly in this case the flap valve, 
vhich normally closes when the reser- 
oir is filling, was pinned open at the 
loor stand above, allowing the reser- 
roir to fill because the other basin was 
mpty for inspection purposes. 
tructions had been left to raise the 
evel in this basin by 4 ft on this par- 
icular night. The floor was at times 
| little in excess of this, and eddy cur- 
ents and forces easily overcame the 
orsional resistance of the long operat- 
ng spindle. The valve suddenly closed, 
vith the result that the district sud- 
lenly became a closed system. Natu- 
ally, a serious water hammer condi- 
ion existed, and had it not been for 
he design of the check or flap valve 
vell, permitting it to act as a differ- 
ntial surge tank, and for the air valve 
ypening on negative main pressure, 
erious damage would have resulted. 
An air valve is therefore important, 
ind an inspection manhole, if possible, 
s also desirable, especially on steel or 
‘oncrete pipelines. 


UNDERGROUND RESERVOIRS 


Sites for large covered reservoirs are 
not easy to obtain in builtup areas, and 
yet the economics of the design usually 
dictates they be built close to the load 
center. 

The help and cooperation of the 
parks and recreation officials are usu- 
ally solicited, since the flat expanse 
of the covered reservoir roof affords 
ample scope for development once the 
construction forces have completed 
their work. The type and extent of 


park development that is to follow will 
dictate the type of roof loading that 
must be provided for, and from that 
point an economical design is decided 


a 


upon. 


Drainage System 


An important feature of the covered 
reservoir is the method of roof and 
footing drainage. There are two sys- 
tems in use in metropolitan Toronto, 
both of which have functioned well. 
Figure 3 illustrates the type employing 
granular material on the entire roof, 
which is constructed in the following 
fashion : 

A 12-in. diameter concrete pipe as 
a reservoir footing drain is laid partly 
encased in concrete, the unencased part 
of the pipe having open joints. Coarse- 
graded gravel, approximately } in. in 
diameter, of the type used for con- 
crete masonry, is then placed around 
the footing drain for a distance of 2 ft 
from the outside diameter of the pipe 
bell. Clean sharp sand of the type 
used for concrete masonry is then 
placed to a depth of 9 in. on the side 
and top of the gravel, and pit run gravel 
is then carefully placed adjacent to the 
face of the reservoir walls for a dis- 
tance of 6 in. and on the entire roof of 
the reservoir to a depth of 6 in. 

Temporary sheeting is used at the 
edge of the graded gravel, sand, and pit 
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run gravel layers on the face of the 
wall, to avoid mixing and movement 
between general backfill and the sand 
and gravel. This material must, of 
course, be placed at the same rate as 
the general backfill and must be simi- 
larly compacted. Care must also be 
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located at each corner to facilitate 
cleaning and to detect excessive dry- 
weather flow, which might indicate 
leakage. 

Figure 4 illustrates the second 
method often used for roof drainage, 
employing a system of perforated 


gore bef 24 in. 15 in. 
| 6 in. 


| 
Pit Run Gravel ——+ 


Backfill 


19 ft 9 in. 15 in.> 


— Graded Gravel 


in 
| 12-in. Concrete Drain 

(Open Joints on Top) 


12 in. 


24 in- 


Fig. 3. Use of Granular Material in Reservoir Drainage 


This cross-section side view of a typical covered reservoir illustrates the use of granu- 


lar material in roof and footing drainage. 


Temporary sheeting is removed as mate- 


rials are put in place. 


taken that the junction between the 
graded gravel on the roof and that on 
the face of the wall is not broken and 
that full thickness is maintained. In 
order to intercept the flow of water 
from the footing drains, manholes : are 


underdrainage pipes, laid in pattern, 
with down pipes and footing drains. 
The main system of roof drainage con- 
sists of 4 and 6-in. diameter perforated- 
fiber pipe, each pipe having two rows 
of 4-in. holes spaced 120 deg apart on 


J 
6 in Fill Concrete Cradle oat 
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|-in. centers. The pipes are spaced at 
ipproximately 50-ft centers and drain 
o two main 6-in. lines similarly per- 
forated. Each of these lines is carried 
yver and down the vertical wall of the 
eservoir in cast-iron soil pipe and 
connected in turn to the main drain 
serving the structure proper. All per- 
forated pipes on the reservoir roof are 
aid with }-in. graded gravel and coarse 


care is taken to minimize disturbance 
during backfilling operations. 


Protection and Safety 


The design of the gate or valve house 
can be very pleasing architecturally, 
and various treatments are used. Of 
paramount importance, however, is the 
incorporation of features designed to 
prolong the structure against not only 


6-in. Drain Perforated Fiber 


tes 


6-in. c-t Drain Pipe — 


Fill Concrete Support 


Under Bend Flushing System 


Concrete Support 


5-in. Footing Drain 
erforated Fiber Pipe 


4-in. c-i Main for 


Top of Roof 


Detail of 
4 Fiber Pipe 


Fig. 4. Use of Perforated Pipes in Reservoir Drainage 


"his cross-section view shows how perforated underdrainage pipes may be used for 
eservoir roof and footing drainage. Three concrete supports (each 12 in. by 8 in.) 
are placed for every 16 ft of flushing main. 


and placed under, around, and over 
them for a total quantity of 14 cu ft of 
gravel per foot. These drains are not 
aid, of course, until the general back- 
ling and grading of the earth cover 
m the roof of the reservoir has been 
ompleted. 

Similarly, the 6-in. footing drains of 
erforated-fiber pipe are laid in a bed 
f coarse gravel and sand, and extreme 


the forces of nature, but also the even 
greater forces of vandalism from a 
24-Kr bombardment of sticks, stones, 
and other materials. Doors should be 
metal faced, and windows, if they must 
be installed, should be high, strong, 
and screened. Floodlights of the re- 
cessed type at the top corners of the 
gatehouse structure not only provide a 
dramatic effect, but also tend to dis- 
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courage night loiterers and vandals. 

Inside the gatehouse, a severe, cor- 
rosive atmosphere usually exists due 
to the presence of the large body of 
cold water. The cost and extent of 
the auxiliary services located therein 
are small, and an initial premium for 
waterproof wiring, lighting, and switch- 
ing, a source of heat for a minimum of 
55°F, and the selection of other inci- 
dental components to withstand this 
atmosphere is an extremely worthwhile 
investment. 

Walkways and stairs are best con- 
structed of reinforced concrete with 
some form of carborundum or antislip 
material in the treads. Ladders, rail- 
ings, gratings, and metalwork of 
double-galvanized protection will also 
provide the maintenance forces with 
fewer problems of upkeep. 


Civil Defense 
under 


The possibility exists that, 
conditions such as the civil defense au- 
thorities mention from time to time 


in connection with atomic warfare, 
underground storage reservoirs could 
play an extremely important part in 
any plan to make water available in 
times of dire emergency. Certainly, in 
the event of a heavy fallout of radio- 
active material, it is likely that they 
would be the only large sources of safe 
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water. To this end, and to facilitate 
the withdrawal of water by tank wagon 
or fire department pumper trucks, some 
form of underground service pipe 
should be laid from the reservoir ter- 
minating in a tee in a chamber near 
the curb or street. To each leg of the 
tee a short piece of pipe containing 
standard firehose isolation valves should 
be installed. As this line could repre- 
sent a possible source of reservoir con- 
tamination, if left coupled to the reser- 
voir drain, a short piece of pipe with 
ends arranged for mechanical or some 
other form of quick coupling could be 
left in the gatehouse ready for instant 
connection to the main reservoir drain 
valve when required. A second obvi- 
ous feature is to have sufficient roof 
access manholes located as close to the 
reservoir walls as possible to permit 
pumping by truck should such an emer- 
gency occur. 
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A satisfactory palatable water is never achieved by halfwa 
dosages of Aqua Nuchar Activated Carbon. To be certai 
that all odors are adsorbed, the correct amount of Aqu 
Nuchar must be applied. In the majority of plants where 
Aqua Nuchar is used, it has been found that an annual aver 
age of 20 pounds or more are needed to give proper odo 
and taste control to 1,000,000 gallons of water. This, cer 
tainly, is inexpensive treatment. 

Many plants are adopting the practice of continuous appli 
cation of Aqua Nuchar, thus keeping the plant seeded. Thi 
gives assurance against development of odors within th 
plant due to decomposing sludge. Also, periods of sudde 
odor surges can be controlled with lower dosages tha 
would be necessary if the plant were not already seede 
with Aqua Nuchar. 

To solve your water odor problem, call or write our nearest 
office. A member of our technical staff will work at you 
plant to help make the water palatable, at no cost or obli 
gation on your part. 


75 S. Moretand Boulevard 


New York Central Building ri | Pure Oi 
Butlding 
Park Ave. New York 17. 
c 35 E. Wacker Drive. Chicago 
Phila Nat'l Bank Bidg 27 
> 


Broad & Chestnut Ste a? ivision west virginia pulp and , 
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In Every\Price Bid. 


there's a cost that 
seven years 


All water meters are fine instruments. Any fine instrument loses accu- 
racy as it wears. Because ‘of this fact, written between the lines of 
any water meter price are two items you can't read for many years. 
Yet they are vital in choosing the lowest ‘‘total price."’ 

First, as a meter loses accuracy, it gives away revenue. Before its 
first overhaul it may give away twice as much money as it seems to 
save in its “low bid" original price. 

Secondly, to keep the meter accurate you may have higher repair 
costs over the years ...or premature scrap-and-replace costs. Good 
meters often vary widely in this respect. 

Tridents are preferred because they earn more and cost less in 
the long run. They never become obsolete. You modernize your Tridents 
as you repair. Ask your neighbor... or ask on for details. 


NEPTUNE METER COMPANY 


19 West 50th Street New York 20, N. Y. 
1430 Lakeshore Road * Toronto 14, Ontario 
Brench Offices in Principe! American ond Canedion Cities 
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The Otomic Age is just around the 
corner for northern New Jersey—and 
we do mean Otomic for with almost 
everyone against anyone else’s plan to 
develop the area’s water resources and 
with a drought that has already drained 
existing reservoirs drier than they 
were in the critical days of 1949, it 
would seem time for North Jerseyites 
to take a lesson from the Otomi In- 
dians of Mexico, who manage to live 
entirely without water. Of course, the 
Otomi’s secret—the maguey plant— 
upon which they depend not only for 
drink but for roof thatch, food, and 
clothing as well, requires 6 or 7 years 
to mature, so there is no time to lose. 
But certainly 6 or 7 years to a sure 
thing ought to be preferable to an- 
other 25 or more of trying to balance, 
first, North Jersey against South Jer- 
sey, then Republican against Democrat, 
then faction against faction, and finally 
individual against individual in an ef- 
fort to reach agreement on something 
more practical than importing Great 
Lakes water at somebody else’s ex- 
pense. One trouble with the Otomi 
system, of course, is that the maguey 
regime of diet and drink kills most 
children before they reach the age of 
12, primarily from pneumonia or intes- 
tinal disease (not, however, water- 
borne), but with enough water in 
which to wash at least occasionally, 
our NJ friends could undoubtedly im- 


=> 


prove on that record. And there’s 
always a chance that, before things got 
too desperate, the people who are now 
agitating to get present reservoirs 
opened to fishermen will have suc- 
ceeded in building a few more fishing 
holes, suitable for incidental use as 
water supplies. 

At any rate, with the water front 
at the very center of the gubernatorial 
campaign now being waged, it is un- 
doubtedly only a matter of months un- 
til the present problem is—well—taken 
under consideration. Meanwhile, if 
North Jerseyites don’t like their way, 
they might try maguey. 


New Jersey’s frustrations may be 
mammoth, but it should not be sup- 
posed that they are unique, for other 
areas throughout the country are fac- 
ing similar problems of water supply 
development and are encountering 
similar difficulties and disappointments 
in realizing their plans. Even Cali- 
fornia, whose monumental water plan 
received such wide support last fall, 
is still only marking time until its 
north and south can reach a compro- 
mise on the transfer of water so that 
the plan as a whole will be acceptable 
to the legislature. 

Where programs have been small 
enough to be undertaken by munici- 
palities unilaterally, action has been a 
little less eventual. Thus, even though 
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the projects required adjudication by 
the Supreme Court, Los Angeles and 
New York have been able to put 
through major water supply develop- 
ments, and cities such as Charleston, 
S.C., and Jacksonville, Fla., have been 
successful with what might be called 
speculative developments, involving the 
provision of tremendous excess capac- 
ity and its advertising as an attraction 
to industry. The key to achieving sim- 
ilar success with statewide or inter- 
state developments is undoubtedly pub- 
lic support through public awareness 
of the relative importance of water 
supply compared to the interests with 
which any specific development may 
conflict. That awareness has been de- 
veloping slowly, not so much through 
the efforts of AWWA and its members 
as through the inconveniences imposed 
by drought and other inadequacies. 
And now, through AWWA’s new wa- 
ter supply information committee, just 
unc. way, through the activities of 
the Water Resources Council, and 
through the individual advertisements 
of many of AWWA’s Associate Mem- 
bers, there is hope that a positive de- 
velopment of that awareness will be 
undertaken. When these coordinated 
efforts begin to be felt often and every- 
where, who knows but that water may 
finally reach its own proper level in 
the public esteem. Then, not only 
our reservoirs, but our cup runneth 


over. 


and Permutit companies. Pfaudler 
has been a producer of glassed steel 
and alloy equipment for the chemical, 
dairy, food, and beverage industries 
since 1884. Permiutit, dating back to 


Pfaudler Permutit Inc. is the new : 
name of the recently merged Pfaudler 


1913, manufactures ion exchangers and 
chemicals, fabricates equipment, and 
provides water-conditioning and recov- 
ery systems. 

Officers of the new firm are: Henry 
W. Foulds, chairman of the board; 
Ranlet Miner, vice-chairman; Mercer 
Brugler, president ; D. A. Gaudion, ex- 
ecutive vice-president; E. Geisinger, 
senior vice-president ; H. L. Beohner, 
C. Birch, G. C. Calvert, G. N. Proc- 
tor, E. A. Sanford, and D. J. Saunders, 
vice-presidents. 


ASEIB—The American Sanitary 
Engineering Intersociety Board—and 
its Specialty Committee met Oct. 
17-18 and took action on 428 applica- 
tions for certification. A total of 300 
were approved for certification without 
examination ; 50 applicants qualified to 
take an examination ; 44 were rejected ; 
and 34 applications were held over for 
additional information. Because of the 
large response occasioned by the Oct. 1 
deadline for applying for certification 
without examination, the limited man- 
power of the board made it necessary 
to delay consideration of about 500 ap- 
plications until the next meeting, in 
February 1958. Applicants will there- 
fore understand the reason if they do 
not hear from the Board until after that 
time. 


Louis R. Howson, senior partner 
in Alvord, Burdick & Howson, Chi- 
cago, was installed as president of 
ASCE during its New York meeting 
last month. He succeeds Mason G., 
Lockwood of Houston, Tex. New 
vice-presidents are Samuel B. Morris, 
consulting engineer, Los Angeles, and 
Waldo G. Bowman, editor of Engineer- 
ing News-Record, New York. 
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You get BEST 
performance 

at LOW cost 
with INFILCO 
water treatment 


equipment 


General Offices + Tucson, Arizona+ P.O. Box 5033 
Freid offices throughout the United States 
and in foreign tres 


57411-A 


ACCELATOR® 


high rate treatment plant 
saves up to 80% of space. 
Clarifies or softens and clarifies 
in a single basin, replacing 
separate slow-rate mixing, 
coagulation and sedimentation 
basins. Produces clearer, more 
stable effluent. ‘‘Siurry 
contact,”’ not ‘‘sludge 

blanket’ unit. 


Bulletin 1825 


CAP. SYSTEM? 


automatic instruments for 
pneumatic control of operation. 
Most advanced types for 
sensitive flow control and 
curate measurement of loss 
f head and rate of flow. 
ntribute substantially to 
aximum plant efficiency. 


Bulletin 1100 
ACCELAPAK ® 


treating plant... 

complete in a single unit. 
Clarifies or softens and clarifies 
from 15 to 350 G.P.M. Ideal for 
small communities, industrial 
plants, etc. Easy and 
economical to install. 


Bulletin 1870 


DRY FEEDERS, ree « 


provide automatic proportional 
or constant rate feeding. 

Only feeder with linear feed 
adjustment throughout capacity 
range of feeder; extrusion type, 
simultaneous rocking and 
reciprocal motion to feed pan. 


Bulletin 215 


RECARBONATORS 


greater efficiency in much less 
space at much lower cost. 
Revolutionary design eliminates 
costly cooling apparatus and 
exposed hot gas lines; occupies 
less than 1% space of old style 
systems. Centralized controls. 
Bulletin 1310 


These are only a few of the products for water treatment in the 
complete INFILCO line, which includes plants and equipment to 
meet your every need. INFILCO's improved equipment gives you 
the highest quality production in much less space—cuts 
construction cost to a minimum—provides you with the most 
modern installation at lowest total installed cost. 


It will pay you to investigate INFILCO equipment. Write 
today for bulletins of interest to you. 


SEE YOUR CONSULTING ENGINEER. If you are planning any major 
installation, the services of a reliable Consulting Engineer can 

be invaluable. He will design your plant and help you select the 
type of equipment that best meets your requirements and budget. 


Inquiries are invited on all problems in the treatment of 
water, sewage and wastes for municipalities, institutions, and 
general industry. Complete laboratory facilities available 
for special treatment problems. 


THE ONLY COMPANY impartially offering equipment for ALL types of water and waste processing—coagulation, 
precipitation, sedimentation, flotation, filtration, ion exchange and biological treatment. 
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Robert T. Browning has _ been 
named executive vice-president of Wal- 
lace & Tiernan Inc., Belleville, N.J., 
effective Jan. 1, 1958. He has been 
associated with the firm since 1930. 
For the past 4 years he has held the 
position of vice-president, directing the 


sales activities of Wallace & Tiernan’s 
three chemical divisions, as well as the 
sales and engineering activities of the 
company’s five equipment divisions and 
subsidiaries. 


That fluorinews is mostly fluori- 
views is a point we’ve made before— 
and that fluoriviews seldom, if ever, 
change is becoming more and more 
obvious with every collection of com- 
muniques from a new fluoridation 
front. Occasionally, though, out of the 
mass of information and misinforma- 
tion that gets into print, some fact or 
fancy of interest can be extricated: 

Facts from our current crop include 
the rather stale note that the Defense 
Dept. last December sent a directive to 
military bases at which children live 
_ ordering the fluoridation of their wa- 
ter supplies. As of Jul. 1, there was 
word that the total number of com- 
munities receiving water with adjusted 
fluoride content had risen to 1,522, 
with a population served of 31,664,000. 
Then on Aug. 6, an additional 550,000 
population, served by the Minneapolis 
water system, was added to that total. 


Later in August, the California su- 
preme court refused to interfere with 
a state public utilities commission rul- 
ing that ordered a private water com- 
pany to fluoridate the water it sup- 
plied to the town of Oroville. And 
finally last month, the World Health 
Organization, basing its opinion on 
studies in 17 different countries, “‘rec- 
ommended use of fluoridated water 
wherever and whenever possible, with- 
out qualification or caution.” 

A little fancier than these cold facts 
was the news from Frankfurt, Ger- 
many, last February, of an effort to 
reduce tooth decay by catering to a 
habit long considered a primary cause 
of caries—by the free distribution of 
fluoride-impregnated candies to ap- 
proximately 45,000 children between 6 
and 10 years of age. In Canada, mean- 
while, the McGill University dental 
school was conducting an experiment 
to counteract propaganda concerning 
the bad taste of fluoridated water. 
Setting up two fountains at its open 
house, the school asked visitors to 
taste and decide which, if either, was 
supplying fluoridated water. With one 
of the fountains fluoride free through- 
out and the other supplying a 2-ppm 
F- water for 2 of the 3 days involved, 
the voting of the 62 per cent perceptive 
enough to imagine a difference was the 
expected 50-50 on each of the 3 days. 
Fanciest, though, of all these scientific 
revelations concerning fluoridation was 
that which appeared in a Louisville, 
Ky., newspaper early in the year, 
pointing out that “flourine, the most 
reactive of all the earth’s elements 
makes water burst into flame.” Or 
could “flouridation” be even hotter 
stuff ? 

On the 
fluoridation fancy, too. 


business side, there was 
First, at Dur- 
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ADJUSTING 
MEASURING 
CHAMBER REGISTER / 


SEE STROKE 
ADJUSTING 
KNOB 


Gus 


ADJUSTING 
MECHANISM 


(GEE) / THE DIFFERENCE! 


See for yourself the design features that make this one particular positive 
displacement chemical proportioning pump “the established standard of 
the industry”. The cutaway view above shows the simplified internal 
mechanism of Proportioneers Chem-O-Feeder® which allows “in-motion” 
infinite adjustment of feed rate ... plus operation features that put it in 
a class by itself. 

Provides maximum convenience and control 

Available in simplex, duplex, and triplex models 

Feed rates from 0.2 to 57 GPH 

Discharge pressures up to 125 psig 

Each pumping head can be set independently 

“See-thru” head handles many corrosive liquids 

i, Oe Other reagent ends available for handling almost 
all other corrosive liquids 


Request Bulietin 1225-2 for complete details. You can 
rely on the Chem-O-Feeder, the best all-purpose 
chemical proportioning pump available. Write to 
PROPORTIONEERS, INC., 365 Harris Avenue, Provi- 
dence 1, Rhode Island. 


PROPORTIONEERS 
B-I-F INDUSTRIE 
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ham, N.C., where the Rock Springs 
Water Co. was caught in a squeeze 
when the city council’s consideration of 
fluoridation boosted demand for its 
bottled spring water to a point where 
out-of-town customers could not be 
supplied. Actually it was from Ra- 
leigh, where the public supply was 
already being fluoridated, that “panic” 
was reported among those who appar- 
ently didn’t dare drink tap water. But 
up at Winnipeg, people were obviously 
made of sterner stuff, for a company 
that had developed an apparatus to 
defluoridate the city water at the tap 
when the fluoridation program was in- 
stituted found itself with only fifteen 
customers instead of the hundreds ex- 
pected. And in New York City, the 
Board of Estimate made headline pub- 
lishing news by offering copies of the 
559-page record of its fluoridation 
hearings for a mere $279.50—a price 
all too obviously set by board formula 
rather than by value of contents. 

But it was from the animal world 
that the news was fancifullest of all. 
From Down Under, for instance, came 
word of sheep with wolves’ teething— 
sheep whose teeth had been greatly 
improved, that is, by fluoridated water, 
not really to bite back with, but the 
better to eat with, thereby to improve 
their health and, more to the point, 
their wool. And from the salmony 
shores of Tacoma, Wash., there was 
news of a scheme to get the fish to bite 
better by treating Commencement Bay 
with 180,000 gpd of 0.3 per cent fluo- 
silicic acid solution. Actually this was 
billed as a waste disposal program, 
whereby a Stauffer Chemical Co. su- 
perphosphate plant arranged to pump 
its wastes out into the bay through a 
300-ft polyethylene pipeline that dis- 
charged at a depth of 50 ft during 
alternate hours of the day, but we 
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who know the proclivities of fishermen 
have our suspicions. As a matter of 
fact this isn’t the first time that a 
fluoridating fisherman has been sus- 
pect. Earlier it was Harry Krum, 
superintendent of the Allentown, Pa., 
water department, whose story was 
that he was running a test on a new 
fluoride feeder and, not being author- 
ized to treat the city’s supply, had to 
carry the discharge from the feeder to 
waste in the Little Lehigh River, which 
it just so happens, his friends have 
hinted, is Harry’s favorite fishing spot. 
This really is fluoriruse. 

Whether by news, views, or ruse, 
though, fluoridation continues to rate 
more newspaper space than even the 
drought—and continues, too, to grow 
steadily, now, rather than spectacu- 
larly, and in uncatastrophic experience 
as well as in population served. 


Infilco Inc., Tucson, Ariz., has 
opened a new manufacturing plant at 
Salem, Ill., augmenting existing facili- 
ties in Chicago and Joliet, Ill. The 
Salem installation will be under the 
direction of H. J. Leddy, who will also 
continue as manager of the Joliet foun- 
dry division. 


Richard S. Engelbrecht, associate 
professor of sanitary engineering, has 
been placed in charge of the sanitary 
engineering research and teaching pro- 
gram in the Dept. of Civil Engineering, 
University of Illinois, Urbana. Dr. 
Engelbrecht succeeds Prof. J. C. Dietz, 
who resigned to become a partner in 
the consulting firm of Clark, Daily & 
Dietz, Urbana. 


John L. Black has been named su- 
pervisor of Allis-Chalmers’ Industrial 
Press Section. He has been with the 


company since 1951. ee 
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1879— 
Audomalic Values 


agg 


Controls 
elevation of 
water 
in 

tanks, basins 
and 
ALTITUDE VALVE reservoirs 
1. Single Acting 
2. Double Acting 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution 
and pump 


discharge 
SURGE-RELIEF VALVE 


7 Maintains 

desired 

discharge 

pressure 
regardless 

of change 

in 
rate of flow 
REDUCING VALVE 


Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


A self contained 
unit with 
three or more 
automatic 
controls 


Maintains 
levels in tank, 
Feservoir 
or basin 


1. As direct 
acting 

2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 


COMBINATION VALVE 
Combination automatic control _ 


both directions through the valve. 


REMOTE CONTROL VALVE 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


Packing Replacements for all Ross Valves Through Top of Valve 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N.Y. 
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HEJ Scholars 1 & 2, Paul A. Kuhn 
and Marvin R. Lindorf, first and sec- 
ond winners of the Harry E. Jordan 
Scholarship Award, which was estab- 
lished in 1954 by the Water & Sewage 
Works Manufacturers Assn., have now 
both come home to roost—home to the 
engineering field, that is, and home to 
water work as well. 

From Paul Kuhn, 1955 Awardee, 
who became the father of a new male 
engineering prospect last May 5, came 
word in July: 


My work at Stanley Engineering Co. 
[Muscatine, Iowa] is going very well. 
In accordance with their policy of rotat- 
ing new engineers in various assignments 
in the company, I was recently transferred 
to the Report Group, where I am presently 
assigned to the Industrial Section. My 
first job here again was a water problem. 
I am working on the development of a 
small ground water supply for cooling wa- 
ter in an industrial plant. This job so 
far has involved drilling a test well and 
test pumping. 


And from Marvin Lindorf, 1956 
Awardee, who became the father of a 
second boy on Aug. 8, has come the 
news: 


I completed my graduate work in 
May and received my degree in June. 
As you may recall, I have been working 
on an analysis of water treatment costs 
in California. As a result, Professor 
Orlob and I have prepared a paper, which 
we are submitting to the Journat [to 
be published in an early issue]. 

As you know I was working part time 
for Kaiser Engineers during the school 
year. I have continued with Kaiser in 
the capacity of Job Engineer in the Struc- 
tural Division. In October, however, 
when my current project is completed, I 
will be transferred to the Sanitary Design 
Section of the Civil Division. In this 
new assignment I will be responsible for 
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planning and design of water and sewer 
systems for various industrial applications. 


Impressed with the good start in 
sanitary engineering that our first 
scholars have achieved, we can’t help 
also being impressed with their success 
at family engineering. Thus will the 
engineer shortage certainly be solved. 


Ground water supplies are avail- 
able in moderate to very large quanti- 
ties in different parts of the lower 
Delaware River Basin, according to a 
recently released US Geological Sur- 
vey report covering a 4,600-sq mile 
area that lies mostly within a 40-mile 
circle centered in Philadelphia. More 
than 200 mgd of ground water is used 
in the region at present, and it is 
estimated that an additional 1 bgd can 
be developed. 

As part of the ground water used is 
replenished by induced recharge from 
the Delaware River, the latter is an 
important factor in ground water qual- 
ity. The proposed deepening and 
widening of the river channel would 
enhance the opportunity for inter- 
change of water between the river and 
the aquifers. The report indicates that, 
except in small areas where there is 
manmade pollution or where salt-water 
encroachment has occurred, the chemi- 
cal quality of the ground water is ex- 
cellent for all ordinary uses. 

Entitled “Ground Water Resources 
in the Tri-State Region Adjacent to 
the Lower Delaware River,” the re- 
port was written by H. C. Barksdale, 
D. W. Greenman, S. M. Lang, G. S. 
Hilton, and D. E. Outlaw. Pending 
publication by the New Jersey Dept. 
of Conservation & Economic Develop- 
ment, copies may be inspected at 
USGS offices in Washington, Harris- 
burg, and Trenton, or at Incodel, Sub- 
urban Station Bldg., Philadelphia. 


(Continued on page 50 P&R) 
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Built to Meet All 
AWWA Snpecifications 


AWWA 48, 1252 valve for drop-tight 
shut-off at 100 psi. Renewable rubber 
seat; hydraulic cylinder operator. 


Compact—tighter Weight 
Reduced Installation Space 
Lowest Installed Cost 

Efficient Reliable Operation 
Drop-Tight Shutoff 

Minimum Restriction to Flow 
Minimum Pressure Drop 
Non-Clogging 


Better Control—Manual or 
Automatic 


Less Maintenance 


W. S. Rockwell Butterfly Valves are made in all 
standard sizes of cast iron, cast steel, stainless 
steel, bronze or other alloys; natural or synthetic 
gum rubber seat with clamping segments, or spool 
type rubber liner extending over flange faces. 


AWWA 60°, S503 valve for drop-tight 


Operators— manual: AWWA nut, handwheel, 


shut-off at 35 psi water pressure. Cast chain wheel or other types; automatic: electric 
iron body with spool type rubber liner; motor or cylinder. Write for Bulletin 574. 


with worm gear and handwheel operator. 


W. S. ROCKWELL COMPANY 


2607 Eliot Street — Fairfield, Connecticut 


SAVE SPACE - SAVE COSTS 
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1514 inches is the size of the cou- 
pling shown above, produced by 
Dresser Mfg. Div., Bradford, Pa. 
Said to be the largest single ring de- 
sign coupling ever manufactured 
(weight 2,370 lb), it was ordered by 
Thompson Pipe & Steel Co. for the 
turbine inlet pipe of a penstock at the 
Glendo Dam Power Plant in Wyoming. 


A ‘shower’ has long been recog- 
nized as strictly a female affair, re- 
served primarily for the prospective 
bride or mother, but during these 
droughtbound days in Connecticut 
rural areas, families lucky enough to 
have a flowing well are giving mixed 
showers for their less fortunate friends 
—that is to say, the invitations usually 
read “a bath and dinner.” “Just like 
the good old days when water was 
free’ did someone say? 


Louis C. Bishop has been named 
district manager for the Pittsburgh 
sales office of Hagan Chemicals & 
Controls. He succeeds Thomas M. 
Nourse, who has been appointed head 
of central station sales. 


Tails win, it seems. It’s really 
none of our business, but the announce- 
ment was addressed to the JOURNAL 
and we do have a definite feeling about 
uprumpitude, so we pass along the 
word that the Industrial Designers’ 
Institute 1957 design award has gone 
to Chrysler Corp. “for their establish- 
ment of a continuity of design which 
reflects with distinction the spirit of 
1957. Chrysler Corporation cars.” 
“Continuity,” yes, but that this empha- 
sis on the rear end is a “forward 
look,” either puzzles or dismays us. 
Tails, it is, though, and ours is down. 


H. E. Hudson Jr., head of the De- 
troit office of Hazen & Sawyer, con- 
sulting engineers, has become a part- 

ner in the firm. 


Clifford F. Rassweiler, vice-chair- 
man of the board and vice-president 
for research and development, Johns- 
Manville Corp., has been awarded the 
Chemical Industry Medal by the So- 
ciety of Chemical Industry, “for con- 
spicuous services to applied chemistry.” 


(Continued on page 52 P&R) 
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give you 
DEPENDABLE 
SERVICE 


& SUPPLY CO., INC. 


FORT WORTH, TEXAS 


Vou Can | 
COUNT 
CALMET 

it 

WATER METERS 

* * MANUFACTURED BY 
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TRANSITE 
FILTER BOTTOMS 


Cut Your Filtration Costs 


FILTER 
OPERATING TABLES 
for Modernizing 
EXISTING PLANTS 


Designed to eliminate cables that 
have beset operators for years, the 
new Filtration Equipment Corpo- 
ration control tables fit all speci- 
fications for standard operating 
procedures and can be adapted to 
special needs. 


Planned around the experience of 
engineers and operators, these 
tables are pleasing in appearance, 
of durable construction, and can 
be easily installed and maintained. 


Write For Literature 


FILTRATION 


EQUIPMENT 


CORPORATION. 


271 HOLLENBECK ST. 
ROCHESTER 21, N. Y. 


(Continued from page 50 P&R) 


Emile J. Fricker has retired as vice- 
president of Hackensack Water Co., 
Weehawken, N.J., after 16 years in 
the post and a total of 49 with the 
company. He has recently been in 
charge of assembling the real estate 
for De Forest Lake Reservoir, the 
firm’s newest water storage area in 
Rockland County. ve 

Close to the chest is the way the 
Army is playing it these days as far 
as bacteriological sampling is con- 
cerned, having adopted a vest worn 
next to the skin for use of its bac- 
teriologists in incubating field test sam- 
ples at body temperature while carry- 
ing them back to the laboratory. 
Invented and patented by four scien- 
tists at the Army Chemical Corps Bio- 
logical Warfare Laboratories, Fort 
Detrick, Frederick, Md., the vest is 
fitted with three rows of seven flap- 
covered pockets set between two inner 
porous layers in the vest. A layer of 
metal-coated fabric to reflect heat and 
an outer layer of heavy cloth protect 
the contents from outside weather. 
The pockets are designed to accommo- 
date a small plastic Petri dish contain- 
ing a membrane filter and a bacterial 
nutrient. 

What bothers us just a bit about the 
Army’s description of this new uniform 
item is the point that “it may be worn 
during sleep or passed from one wearer 
to another.” The very thought of 
passing germs around this way or of 
crawling into bed with them sounds 
frightfully unsanitary, particularly to 
one who thrashes around in his sleep 
as we do. Which leads us to suggest 
that, for hotheaded day-shift bacteriolo- 
gists anyway, an incubation helmet 
might be considerably more acceptable. 

Imagine a soldier with a 7-hr Esch! 


(C on page 54 ) 
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Rugged Concrete Pipe Withstands 


The photo shows 84-in. concrete 
pipe being jacked under several 
railroad tracks to provide protec- 
tion for a 48-in. water main of the 
Metropolitan Utilities District in 
Omaha. The only interference 
with normal traffic was the obser- 
vation of a “slow order.” 

This is another example of how 
sturdy concrete pipe meets almost 
any combination of site or soil 
conditions or drainage require- 
ments. Concrete pipe also resists 
heavy traffic impact, high fill loads 
and severe climate. 

Jacking concrete pipe minimizes 
roadbed disturbances under roads, 


the Severe Stresses of Jacking Operations 


streets and railroads. This saves 
money by reducing or eliminating 
costly maintenance often caused by 
trench fill settlement. 

Besides great strength and easy 

installation concrete pipe offers: 
1. MAXIMUM HYDRAULIC CAPACITY— 
assured by smooth interior walls, 
clean, even joints and freedom 
from damaging internal corrosion. 
2. EXTRA LONG LIFE—proved by long 
years of dependable service in 
thousands of installations. 
3. LOW-ANNUAL-COST ECONOMY-— 
resulting from its moderate first 
cost, long years of service and little 
or no maintenance expense. 


7 


PORTLAND CEMENT ASSOCIATION 


A national organization to improve and extend the uses of portland cement | 33 W. Grand Ave. 
and concrete through scientific research and engineering field work { Chicago 10, III. 
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Rockwell Mfg. Co. has added 27,- 
000 sqft, including new engineering 
facilities, to its water meter plant at 
Uniontown, Pa., as part of the firm’s 
current expansion program. The Du- 
bois, Pa., gas meter plant has also been 
enlarged. 


The Soviet Sputnik may be cham- 
pion of outer space; the Milwaukee 
Braves may be champions of the world, 
but all is not lost—the Southern Cali- 
fornia Water Co. is still champion of 
the Financial World annual report 
competition, and when the bronze “Os- 
car of Industry” was presented to the 
company at an awards banquet in New 
York last Oct. 28, it marked the sixth 
time that the company’s report had 
been selected best in its field. Thus, 


to C. P. Harnish, president, and to 
B. M. Thompson, purchasing agent 
and annual reporter, we offer con- 
gratulations, not only for prolonging 
the SCWCo. reign in a year that has 
been rough on champs, but for dis- 
pelling that sudden feeling of ours 
that the best is none too good. 

One of 5,000 annual reports entered 
in the 100 industrial classifications in- 
volved, the Southern California report 
won out in the water works groups, 
with Jamaica Water Supply Co.’s in 
second place and Indianapolis Water 
Co.’s in third. Perpetually at the top 
of the report league, these three com- 
panies give each other spirited compe- 
tition for each year’s Oscar. As a 
matter of fact, from the Jamaica utility, 
which serves part of New York City’s 


(Continued on page 56 P&R) 


various types. 


for bulletins. 


ELEVATED 
WATER TANKS 


Built in accordance with AWWA 
specifications, in all sizes and 


Send us your inquiry—stating 
capacity, height to bottom and 
location. Established 1854. Write 


COLE Ovaloid Type 


R. D. COLE MFG. CO. 
NEWNAN, GEORGIA 
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INSIDE STORY 


Don’t buy blindly! Only in 
IOWA hydrants do you get 
full measure of such practical 
advantages as: (1) absolutely 
unobstructed waterway; (2) all 
internal working parts remov- 
able through top; (3) no special 
tools needed for maintenance; 
(4) no binding or distortion, 
always easily opened; (5) no 
freezing; (6) meet all A.W.W.A. 
specifications; (7) bell, flange 
or mechanical joint connections 
fit any existing or planned 
installation; (8) replacement 
parts always available. 


that’s why 
farsighted 
city officials 
choose 


IOWA 


VALVES AND HYDRANTS 


for COMPLETE details, address: 


IOWA 


VALVE COMPANY 


A Subsidiary of James B. Clow & Sons, Inc. 
Oskaloosa, lowa 
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Borough of Queens, we have already 
heard a challenging “wait till next 
year,” a slogan which it may have in- 
herited from a Southern California 
competitive group formerly resident in 
neighboring Brooklyn. Meanwhile, the 
plans for Indianapolis sound familiar, 
too, with their call for more and better 
“pitchers.” 

Not Sputnik but a spitknuckler was 
what done us in, though—Break up 
Burdette! 


George really lay down on the job 
last month at Clyde, N.Y., and as a 
result, 400 GE employees had to be 
sent home for 4 hr, the Hemingway 
Canning Co. had to struggle through 
on a limited schedule, and Sheffield 


(Continued on page 82 P&R) 


Farms had to send its farmers home 
disgruntled, with unwashed milk cans. 
George, of course, is that proverbial 
person whom everyone lets do it—and 
who always does, it seems. Finally, 
at Clyde on Aug. 16, he had appar- 
ently had enough, for when a car 
crashed into a hydrant in town and 
started a real gusher, not one of the 
rescuers, residents, or sidewalk super- 
intendents bothered to call the water 
company—nor did George. Thus, the 
town’s 200,000-gal tank was drained 
dry and, particularly, the town’s in- 
dustries suffered until the supply could 
be restored. Once the supply was ex- 
hausted, of course, there was no lack 
of Georgians. Next break, we'll bet, 


won't be one for the water company 


telephone operator. 


Meet AWWA specifications 
White or tinted blue Dry and free-flowing ul 
Minimum of storage space « Available in bags and drums 
Minimum of dust in handling 


THE AMERICAN AGRICULTURAL 
CHEMICAL COMPANY 


50 Church Street, New York 7, N. Y. 


(Powder or Granular) 


for Public Water Fluoridation 
Sodium Silicofluoride - 99% 
Sodium Fluoride - 987% 
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Diagram for | 
quiet, low-cost valve operation | 


- Here’s the picture . . . a cross section showing the working 
_ principles of the Chapman Tilting Disc Check Valve. It 
-makes sense. It’s a clear-cut diagram of a way to save 


a. plenty of room allowed to © 
eliminate flow resistance, and the balanced “‘Airfoil’’ disc 
- supported on a pivot. When the flow is on, disc opens 
wide enough to meet the demands of the flow. When the 
flow is off, disc drops quickly to a firm, tight seat. This 
is not only quick operation . . . it’s quiet operation. 
There’s no flutter. No banging. No slamming. No scrap- 
ing of disc and seat. All this, of course, means low-cost 
operation. There’s nothing to cause wear and tear or | 
damage to valve or system. Your maintenance costs are 
low even under severe conditions. 


CHAPMAN 
Tilting Disc Check Valve 
For best results in handlir 
fluids or gases at the lowe 
cost, specify Chapman Tiltir 
Disc Check Valves. The 
cover a wide range of pre 
sures and are available in irc 
or steel. You'll find them a 
with complete data in ot 
Catalog 30-A. Write for you 


copy, now. 


The CHAPMAN Valve Manufacturing Co. 


INDIAN ORCHARD, MASSACHUSETTS 
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Armco Pipe after 17 years 
in water line service. a F 


t Unretouched photograph of 


When this section of the 17-year-old 
Armco Pipe was uncovered, coating on 
the exterior showed practically no sign 


of deterioration. 


Spartanburg, South Carolina, Finds 
17-Year-Old Armco Pipe Good as New 


In 1939, the city of Spartanburg, South Carolina, installed 40,- 
000 feet of Armco Welded Steel Pipe for a water line. In 1956, 
contractors removed a 514-foot section of the 17-year-old pipe 
to insert a tee connection. 

The unearthed section (shown above) still had its original 
smooth lining. In 17 years there had been no loss of flow ca- 
pacity. The pipe line is good for many, many more years of 
dependable service. 

You will find that Armco Pipe offers you many other ad- 
vantages. It is supplied in a wide range of diameters, from 6 to 
36 inches; wall thicknesses from %4- to 14-inch; lengths up to 
50 feet. Coatings are supplied to AWWA specifications. 

Write for prices and delivery time. Armco Drainage & Metal 
Products, Inc., Welded Pipe Sales Division, 4827 Curtis Street, 
Middletown, Ohio. Subsidiary of Armco Steel Corporation. In 
Canada: write Guelph, Ontario. 


ARMCO WELDED STEEL PIPE 
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ALBRIGHT & FRIEL, INC. 
Consulting Engineers 


Water, Sewage, Industrial Wastes and Incineration 
Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 


Engineers and Chemists 


Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. B. 3rd St. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


ASSOCIATED STRATIGRAPHIC 
SERVICES 


Departments 
Consulting service — ground water evaluations 
and development advice 
Geophysical well logging — electric and gamma 
ray intensity 
11950 San Vicente John W. Foster, Con- 
Boulevard sultant, Geology, Geo- 
Los Angeles 49, Calif. physics and Hydrology 


BOGERT and CHILDS 


Consulting Engineers 
Curnton L. Bogert Frep 8. 
Ivan L. Bocert Donatp M. Ditmars 
Rosert A. Lincotn CHARLES A. MANGANARO 
Martin 


Water & Sewage Works 
Drainage lood Control 
Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y. 


Refuse Disposal 


Bowe, Albertson & Associates 


Engineers 


Water and Sewage Works 
Industrial Wastes— Refuse 
Disposal— Municipal Projects 
Industrial Buildings— Reports 
Plans—Specifications 
Supervision of Construction 
and Operation— Valuations 
Laboratory Service 


75 West Street New York 6, N.Y. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louis E. Ayres Ropert Norris 
Georce E. Lewis C. May 
Stvart B. Maynarp Homer J. Haywarp 


Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


BLACK & VEATCH 


Consulting Engineers 

1500 Meadow Lake Parkway, 
ansas City 14, Missouri 

Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 

Investigations and Reports 


Brockway, Weber & Brockway 


Engineers, Incorporated 
George S. Brockway Roy E. Weber 
George R. Brockway 

Staff 

H. L. Fitzgerald T. A. Clark 

C. A. Anderson’ R. E. Owen 
T. R. Demery 
Civil, Structural, Sanitary, Municipal, Electrical 


West Palm Beach, Florida 


B. E. Whittington 
John Adair, Jr. 


BROWN AND CALDWELL 


Civil and Chemical Engineers 


Water—Sewage—Industrial Waste 
Consultation— Design—Operation 
Chemical and Bacteriological Laboratories 


66 Mint Street 


Professional Sewiced | 
4 ‘ 
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BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Suppty—Sewace Disposat— 
Hypravtic DEVELOPMENTS 
Reports, Investigations, Valuations, Rates, 


Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 E. 19th St., New York 3, N. Y. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuations—Rates— Management 
Laboratory—City Planning 


601 Suismon Street 
Pittsburgh 12, Penna. 


2015 W. Fifth Ave. 


Kansas City, Mo. 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 


Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


Columbus 12, Ohio 


CHAS. W. COLE & SON 
Engineers—Architects 


Sewerage, Water Supply, Bridges, 
Highways, Toll Roads, Industrial, Municipal 
and Commercial Buildings 


220 W. LaSalle Ave. South Bend, Indiana 
Central 4-0127 


BURNS & McDONNELL 


Engineers—Architects—Consultants 


Phone 


P.O. Box 7088 DElmar 3-4375 


CONSOER, TOWNSEND 
& ASSOCIATES 


Water Supply—Sewerage 
Flood Control & Drainage—Bridges 
Ornamental Street Lighting— Paving 

Light & Power Plants—Appraisals 


360 E. Grand Ave. Chicago 11 


JAMES M. CAIRD 
Established 1898 
C. E. Currton, H. A. Bennetr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y. 


Cotton, Pierce, Streander, Inc. 
Associated Consulting Engineers 
E. R. Cotton P. B. Streander 


G. A. Gieseke H. G. Damon 
I. J. Silverstone 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 
132 Nassau Street 55 Caroline Road 
New York 38, N.Y. Gowanda, N.Y. 


CAMP, DRESSER & McKEE 


Consulting Engineers 


Water Works, Water 
Sewerage and Wastes Disposal, _ 
Flood Control 


Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


DE LEUW, CATHER & COMPANY 


Consulting Engineers 


Public Transit 
Traffic & Parking 
Expressways 


Subways 

Railroad Facilities 
Industrial Plants 

Grade Separations Municipal Works 

Urban Renewal Port Development 


150 N. Wacker Drive, Chicago 6 
San Francisco Toronto Oklahoma City 


CAPITOL ENGINEERING CORP. 


Consulting Engineers 


Water Works, Sewage Disposal, Airports, 
Dams and Bridges, Roads and Streets, 
Planning, Design and Surveys. 


Dillsburg, Pa. 


Rochester, N. Y. 


Fay, Spofford & Thorndike, Inc. 
Engineers 
Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment 


Airports — Bridges — Turnpikes 


Investigations Reports Valuations 
Designs Supervision of Construction 
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FINKBEINER, PETTIS & STROUT 


Carueton S. Cuarves E. Perris 
Harovp K. Strout 


Consulting Engineers 


Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


GREELEY AND HANSEN 


Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


220 S. State Street, Chicago 4 


FREESE & NICHOLS 


Fort Worth, Texas 


FREESE, NICHOLS & TURNER 


Houston, Texas 


Industrial and Municipal Engineering— Water 
Supply and Purification—Sewerage and Indus- 
trial Waste Treatment—Highways and Struc- 
tures — Dams — Drainage Works — Airports— 
Investigations— Valuation—Design and Super- 
vision. 


WILLIAM F. GUYTON 
& ASSOCIATES 
Consulting Ground- Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 
307 W. 12th St. 3301 Montrose Bivd. 


Austin 1, Texas Houston 6, Texas 
Phone: GR-7-7165 Phone: JA-2-9885 


FROMHERZ ENGINEERS 


Structural— Civil—Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 

rainage; Foundations 
Investigations ; Reports; Plans and 
Specifications ; Supervision 


New Orleans 


FRANK E. HARLEY, C. E. 


Consulting Engineer 


Water Supplies, Highways 


Municipal! Problems 


260 Godwin Ave. 


Wyckoff, N.J. 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Engineers 
Water Works—Sewerage 
Industrial Wastes—Garbage Disposal 
Roads—Airports— Bridges—F lood Control 
Town Planning—Appraisals 
Investigations & Reports 


Harrisburg, Pa. Philadelphia, Pa. 
Pittsburgh Pa. Daytona Beach, Fla. 


HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 


& Industrial Wastes— 

ydraulics 

Reports, Design, Supervision of Construction, 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 


GARRITY & MOSHER 


Engineers 
Leo V. Garrity L. W. Mosher 
Municipal and Industrial Water and 
Sewage Works 
Water System Analyses 
Tunnels and Foundations 
Reports, Designs, Plans and Specifications 


14050 W. McNichols Rd. Detroit 35, Mich. 


HAVENS & EMERSON 
W. L. Havens A. A. BurGEeR 
J. W. Avery H. H. Mose.ey 
F. 8. Patocsay E. S. Orpwar 
F. C. Consultant 
Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations— Laboratories 
Leader Bidg. Woolworth Bldg. 
CLEVELAND 14 NEW YORK 7 


GERAGHTY, MILLER & 
HICKOK 
Consulting Ground- Water Geologists 


Location and Evaluation of Industrial 
and Municipal Ground-Water Supplies 


Recommendations for the Solution of 
Ground-Water Problems 


110 East 42nd St. 


Phone 
New York 17, N.Y. OXford 7-5448 


Engineers 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 
Reports, Design, Supervision of 
Construction and Operation 
Appraisals and Rates 


122 East 42nd Street 3333 Book Tower 
New York 17, N.Y. Detroit 26, Mich. 


HAZEN AND SAWYER 
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PROFESSIONAL SERVICES 


ANGUS D. HENDERSON 


Consulting Engineer 
Water Supply and Sanitation © 


330 Winthrop St. 
210-07—29th Ave. 


Westbury, New York 
Bayside, New York 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


Ricuarp R. Kennepy Ropert M. Kennepy 


Investigation— Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


604 Mission St. San Francisco 5 


HORNER & SHIFRIN 


Consulting Engineers 


W. W. Horner E. E. Bloss V. C. Lischer 


Water Supply—Airports—Hydraulic Engineer- 
ing—Sewerage—Sewage Treatment— Munici- 
pal Engineering— Reports 
Shell Building St. Louis 3, Mo. 


DEAN S. KINGMAN 


Consulting Engineer 
Water Works 
Sewerage & Treatment 


153 University Avenue 
Pala Alto, California 


ROBERT W. HUNT CO. 
Inspection Engineers 
(Established 1888) 


Inspection and Test at Point 
of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


175 W. Jackson Blvd. 
Chicago 4, Ill. 
and Principal Mfg. Centers 


— 


THE JENNINGS-LAWRENCE CO. 


Civil & Municipal Engineers 
Consultants 


Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Avenue Columbus 12, Ohio 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Eighth St. Los Angeles 5, Calif. 


JONES, HENRY & 
WILLIAMS 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


HARRY J. KEELING 


Consulting Engineer 
Electrical— Mechanical—Corrosion 


Investigations—Reports—Advisory Service 
Mobile radio communication systems ; 
Special mechanical design problems; 
Soil corrosion, Electrolysis, 
Cathodic protection 


of buried or submerged metal surfaces 


1718 Livonia Avenue __Los Angeles 35, Calif. 


R. E. LAYTON & ASSOCIATES 
Consulting Engineers 


Hydraulic Structures 
Water Supply-Storage—Distribution 
Industrial and Domestic Waste Disposal— 
Drainage 
Investigations, Reports, Plans, and 
Specifications 
655 West Avenue 135th 
San Leandro, California 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 


Salt Water Problems 
Investigations 
Reports 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue New York 17, N. Y 
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METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 
Airports Valuations 
Laboratory 
Statler Building 
Boston 16 


THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


JAMES M. MONTGOMERY 


Consulting Engineer 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations—Rates 
Investigations— Design—Operation 


535 E. Walnut St. Pasadena, Calif. 


LEE T. PURCELL 
Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; 
«& Reports ; Design ; Supervision 
‘onstruction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


Sewage Treatment—Water Supply 
Incineration— Drainage 
Industrial Waste Treatment 
Appraisals 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


THE H. C. NUTTING COMPANY 


Testing Engineers—Inspection Service 
Foundation Investigation—Test Borings 
Soil Mechanics—Sewage Flows—Analysis 

Construction Control—Soil—Concrete 

Bituminous Pavements—Water Waste Survey 
Specifications—Consultations 


4120 Airport Rd. Cincinnati 26, Ohio 
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Engineers and Architects 
Sewers and Sewage Treatment { 
Water Supply, Treatment and Distribution 
Investigations, Reports, Plans : 
Supervision of Construction and Operation 


111 N. E. 2nd Ave , Miami 32, Florida 
1025 Connecticut Ave. N. W. 
Washington 6, D. C. 
Apartado 4356 (Estacion Exposicion) 
Panama City, Panama 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Se Treatment, Plant Supervision, 
ndustrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
nalyses 


369 BE. 149th St. New York 55, N.Y. 
MOrt Haven 5-2424 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 


G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — Transportation 
51 Broadway New York 6, N.Y. 


Prrnie Ernest W. Wuiriock 
Rosert D. Cari A. ARENANDER 
Prrenig, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 36, N. Y. 


MALCOLM PIRNIE ENGINEERS | 


Civil & Sanitary Engineers 


RIPPLE & HOWE, INC. 


Consulting Engineers 
O. J. V. A. VaASEEN B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
nts, Reservoirs, and s, Sanitary and 
Storm Sewers, Sewage Troatinent Plants, 
Refuse Disposal, Airports 
833—23rd St., Denver 5, Colo. 


ROBINSON & ROBERTS 


Northwest’s Pioneer 
Consulting Ground- Water Geologists 
Scientific Well Design 
Water Supply Problems 
Surveys & Reports 
Drainage Problems 
4603 South J Street Phone: GReenfield 4-6631 


Tacoma 8, Washington If no ans. call: 
WaAverly 2-8188 
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SERVICES 49, No. 11 


Professional 
Seruices 


ALDEN E. STILSON & ASSOCIATES 


(Limited) 
Consulting Engineers 


Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. 2060 E. 9th St. 
Columbus, Ohio Cleveland, Ohio 


RUSSELL & AXON 


Consulting Engineers 


Civil—Sanitary—Structural 
Industrial—Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins 
Consulting Engineers 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 

Investigations and te Structures. 

251 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway. Louisville 13, Kentucky 


J. HOMER SANFORD 


Consulting Engineer—Hydrologist 
37 Years of Groundwater Investigation 
Groundwater Development, Recharge, 
Dewatering and Salt Intrusion 
Analysis of Available Supply and Safe Yield 
Litigation Reports and Testimony 


1143 B. Jersey Street Blizabeth 4, N. J. 


R. KENNETH WEEKS 
ENGINEERS 
Designers ° Consultants 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 
Supervision of Construction 


Streets and Highways 
6165 B. Sewells Point Road, Norfolk 13, Va. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment 
Reports, Designs, Supervision of Construction 
and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


SMITH AND GILLESPIE 


Consulting Engineers 
MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 


JACKSONVILLE, FLORIDA 


WHITMAN & HOWARD 


Engineers 
(Est. 1869) 


Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


STANLEY ENGINEERING 
COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, Ia. 


208 S. LaSalle St. 
Chicago 4, 


WHITMAN, REQUARDT 
& ASSOCIATES 


Engineers Consultants 


Mechanical—Electrical 


Reports, Plans 
Supervision, Appraisals 
Baltimore 2, Md. 


1304 St. Paul St. 
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*FVVF means Full Vision 
Vacuum Feed, that extra margin 
of safety so vital when handling 
chlorine gas. Protect both person- 
nel and plant equipment with 
Builders Chlorinizer. Get FVVF 
... plus the shortest gas flow path 
design offered by any manufac- _— 
turer ... for the SAFEST chlorin- : 
ation available. 


Model EVS Chlorinizer offers 
FVVF with “see-thru” compo- 
nents that give visual proof of 
operation and positive evidence 
of effective vacuum. Low initial 
cost results from design simpli- 
city. Eye-level Sightflo Indicator 
(with wide range, linear scale) 


provides easy, accurate reading 
and setting of feed rate. Available 
in 11 standard RATE capacities 
ranging from 4 to 400 Ibs. of 
chlorine per 24 hrs. 


Check These Other Features 
¢ Easy Installation 
Automatic Safety Features 
Low Maintenance 


4 a No Tray Odors 
n ‘ 8 to 1 Metering Range 
Accurate within +4% of actual 
Request Bulletin 840-L23A. | feed rate 
Builders-Providence, Inc. Money-back performance 

365 Harris Ave. guarantee! ! 

~ Providence 1, Rhode island 


©BUILDERS-PROVIDENCE 
B-I-F INDUSTRIES 
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CONDENSATION ee Vol. 49, No. 11 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °'47) indicates 


volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May ’47) indicates volume 39, number 5, page 1, issue 


dated May 1947. 


Abbreviations following an abstract indicate that it was taken, by permis- 


sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; IM—Institute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


FILTRATION 


Cleaning of Large Sand Filters. J. Doup- 
ERT. Tech. Eau (Brussels), No. 101, p. 37 
(55). Standard methods for cleaning sand 
filters are described. Author then gives il- 
lustrated description of selector invented by 
Sivade, which serves to separate mud from 
sand; operation of selector is outlined. Se- 
lector has been installed by General Water 
Co. to serve several of large filtration plants 
which supply Paris with water—WPA 


Microstraining and Ozonation—Middleton 
Pond Pilot-Plant Studies. R. M. Sou e. 
Sanitalk, 4:6 (56). Pilot scale microstrain- 


ing unit and ozonator have been installed at 
Danvers, Mass., water treatment plant to 


treat water from Middleton Pond. Micro- 
strainer removes amorphous matter and mi- 
croorganisms and ozone treatment reduces 
color, odor and taste of water; records show 
that both units are efficient and economical. 
—WPA 


The Development of Biological Filtration. 
H. H. Stansripce. Water Sanit. Engr., 6:18 
(56). Survey on effects of temp. on ventila- 
tion, effects of O on biol. filtration, different 
methods used to evaluate performance of 
biol. filter, and different methods of employ- 
ing biol. filtration —CA 


Relation of Performance Characteristics 
of Sodium Cationite Filter to Conditions 
of Cationite Regeneration. B. E. KaAstnov. 
Vsesoyuz. Zaochnyi Politekh. Inst., Sbornik 
Statei (USSR), No. 11, p. 65 (’55). De- 
tailed discussion of assembly of a lab. filter, 
general conditions and technique for con- 
ducting work, results of testing lab. cationite 
filter, selection of optimum conditions for 
cationite regeneration, and construction of 
actual water softener. Counter-current 
method for base exchange gives more effi- 


cient H:O softening than does the direct- 
flow method; optimum concen. of NaCl soln. 
for regeneration is 6-8%. Economy of op- 
eration of cationite filter can be increased by 
use of residual absorption capac. of filter. 
—CA 


River Water Filtration. A. E. Zpansxy. 
Dechema Monograph. (Ger.), 28:130 (’56). 
New pptn. process is described which is 
considerably simpler and cheaper than one 
using metal salts. Essence of process is 
application of cast-iron chips as means for 
colloidal pptn. It is sufficient to filter un- 
purified H.O through layer of Fe chips or 
shavings, thus producing substantial forma- 
tion of Fe(OH)s. Only 20-25% O satn. is 
required to ppt. colloidal part of turbid H,O. 
Treated, clear H:O is approx. 70% satd. 
with O, therefore no after-aeration is neces- 
sary. App. is illustrated —CA 


FLUORIDATION 


The Conclusion of a 10-Year Study of 
Water Fluoridatien. D. B. Ast « E. R. 
SCHLESINGER. Amer. J. Publ. Hith., 46:265 
(56). Authors review briefly results of 
10-yr study carried out in Newburgh-Kings- 
ton area, N.Y., on fluoridation of water in 
relation to incidence of dental caries. Addi- 
tional information on safety of water fluori 
dation has been obtained from tests carried 
out on children: knowledge of blood fluoride 
levels, of rate and mechanism of urinary 
excretion of fluoride, and of magnitude and 
mechanism of bone deposition increases un- 
derstanding of some important biol. effects 
of toxic doses of fluorides—WPA 


Ten Years of Fluoridation. J. R. Forresr. 
Monthly Bul. Ministry Health Lab. Serv., 
15:79 (’56). It is stated that it is now 
established fact that ingestion of naturally 
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N aterworks Engineer ; 
Minneapolis 


From left: W. C. Lathrop, Senior Civil Engineer; L. L. Halladay 
C. R. Liese, Senior Civil Engineer— Water Works 


Temperatures from 32 below to 100 above 
haven’t hurt this tar-enameled steel pipe 


Here in Minneapo wo long spans of 
exposed steel pipe have been subjected to a 
132-deg temperature range for the last eight 
years. But despite frigid winter spells down 
to 32 deg below and scorching, 100-deg 
summer days, the pipe has functioned 
perfectly. 

The 48-in. ID main shown above extends 
837 ft across the Mississippi River cradled 
under the Franklin Avenue bridge. The pipe 
was coal-tar enameled inside and out and 
has no other protection. It was supplied by 
Bethlehem in 40-ft lengths joined by butt- 
welding. The pipe rests on rollers to permit 
movements due to expansion and contrac- 
tion, but expansion joints were not required. 

The river crossing is a small portion of the 
city’s 19.5-mi “Big Inch’’ water main which 


was pleted in 1949. Bethlehe pplied 
102,500 ft of 48 x ¥%-in. tar-enameled steel 
pipe for the project. It was laid, with welded 
joints, by the Water Works Department of 
the City of Minneapolis. 

The Water Works Department states that 
the entire line has given outstanding service. 
The fact that no leakage or loss of flow has 
been reported indicates that the interior 
lining is in excellent condition. Visual 
inspection has not disclosed any impairment 
to the pipe coating. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor. 
Bethlehem Steel Export Corporation 
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occurring fluorides from drinking water ef- 
fects marked reduction in incidence of den- 
tal caries, and that with concn. of about 
1 ppm fluoride in water this reduction is 
about 60%. Studies carried out at New- 
burgh, N.Y., Grand Rapids, Mich., and 
Brantford, Ont., over 10 yr with fluorides 
added to water supplies in concen. of 1.0-1.2 
ppm, have shown that same beneficial effect 
may be obtained by fluoridation, without 
proving in any way detrimental to health 
of consumers. Some details of dental, pedi- 
atric, and other medical aspects of New- 
burgh study are given —_WPA 


The Brantford-Sarnia-Stratford Fluorida- 
tion Caries Study. 1955 Report. H. K. 
Brown ET AL. Can. J. Publ. Health, 47:149 
(’56). Detailed report is given of study 
made at Brantford, Ont., on effect of fluo- 
ridated water on incidence of dental caries 
in children; at Brantford sodium fluoride is 
added to water supplies to give fluoride 
concn. of 1 ppm. Teeth of similar age 
groups were also examined at Stratford, 
where water supply in use since 1917 has 
contained naturally occurring fluorides in 
concn, of 1.6 ppm, and at Sarnia where 
concn. of fluorides in water supply is negligi- 
ble. Report shows that children born in 
Brantford since fluoridation program was 
started in 1945 now exhibit same degree of 
resistance to dental caries as those of cor- 
responding age in Stratford; that significant 
reduction in dental caries, not evident in 
Sarnia and Stratford, has occurred in all 
age groups studied at Brantford; and that 
no dental or general health ill effects have 
resulted from consumption of fluoridated 
water—_W PA 


Final Report of Local Studies on Water 
Fluoridation in Brantford. W.L.Hurrton, 
B. W. Linscott & D. B. Can. 
J. Publ. Health, 47:89 ('56). Final report 
on local studies of fluoridation of public 
water supply of Brantford, Ont., is given, 
after completion of 10 yr of water fluorida- 
tion: an interim report was published after 
5 yr. Safety, cheapness, and ease of appli- 
cation in water works practices of fluorida- 
tion, and its beneficial effect on teeth of 
children have been demonstrated. Tables 
are given summarizing changes in incidence 
of dental caries from 1944 to 1955—WPA 


(Continued on page 70 P&R) 
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Urinary Excretion of Fluoride Following 
Defluoridation of a Water Supply. R. C. 
Lixins, F. J. McCiure & A. C. 
Public Health Repts., Wash., 71:217 (’56). 
It has been shown that all absorbed fluoride 
is eliminated in urine or deposited in skeletal 
and dental tissues, and that reduction in 
fluoride intake mobilizes that deposited in 
skeleton. It is not certain, however, whether 
or not any factors other than reduction in 
intake of fluoride influence mobilization of 
fluoride. Expts. were carried out in Bart- 


‘lett, Tex., to investigate relationship of age 


to rate of mobilization of fluoride in humans 
given excessive amount (8 ppm) of fluoride 
in water supplies. Procedure for investiga- 
tion, which was carried out on both children 
and adults, is described, and results are given 
in tables. These indicated that urinary ex- 
cretion of fluoride remained high even after 
marked reduction in fluoride intake. There 
was, however, no relation between age and 
urinary fluoride excretion in either children 
or adults, although extent of mobilization 
was greater in children—WPA 


State of Fluoride in Drinking Water. I. 
FELDMAN, D. MorKan & H. C. Honece. 
J. Dental Research, 36:192 (’57). In any 
drinking water supply with pH of 5 or 
higher, and fluoridated with = 16 ppm F as 
NazSiFes, complete hydrolysis occurs to silicic 
acid, F ion, and HF. On ingestion, all F 
enters blood stream as F ion. Toxic action 
of SiF, or SiFe~ is excluded. Of the me- 
tallic ions in drinking water, only Ca and 
Mg are present in sufficient concn. to bind 
at least 1% of any F.—CA 


WELLS AND GROUND WATER 


The Principal Processes in the Formation 
of Chemical Composition of Underground 
Waters. A. A. Bropsku. Gidrokhim. Ma- 
terialy (USSR), 24:107 (’55). Processes 
influencing formation of chem. compn. of 
underground waters are reviewed.—CA 


Formation of Underground Carbonic Acid 
Waters. A. A. Smirnov. Gidrokhim. Ma- 
terialy (USSR), 24:101 (’55). Facts which 
seem to contradict existing theory that un- 
derground carbonic acid waters are of ju- 
venile origin are reviewed, and new inter- 
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THE FILES OF DR. CENTRILINE..,. | 


ber: 


5 miles of 62” and 36” steel water mains in 
St. Louis, Missouri. 


Leakage repair costs on the increase from 1936 to 1947. 
DIAGNOSIS: External corrosion causing pitting through the pipe wall. 


ae In 1947, after consultation with Centriline, pipelines 
were cleaned and cement-lined in place with a smooth, 
dense mortar lining by the Centriline Process. 


RESULTS: The dense cement lining stopped leakage, eliminating 


high maintenance costs. Savings represented 13% 
return on the cost of cleaning and lining.* 


This lining has paid for itself in only 8 years. Not only was the leakage stopped 
4 sat but the carrying capacity was increased. If your problem is leakage in steel pipe 
: . or capacity reducing tuberculation in steel or cast iron water mains, consider 


the advantages of cement lining in place. 
es *From a paper written by Mr. John B. Dean, Division Engineer, Water Div., St. Louis, Mo. 


CENTRILINE CORPORATION 


A subsidiary of the Raymond Concrete Pile Company 


140 Cedar Street, New York 6, N. Y. Branch Offices in Principal Cities 
of the United States, 
WOrth 2-1429 Canada and Latin America 
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pretation of problem is discussed. It is 
concluded that COz of underground carbonic 
acid waters originates in the atmosphere. 
-CA 


Origin of the Saline Composition of Cave 
Waters. S. A. Durov. Ukrain. Khem. 
Zhur. (USSR), 22:106 (’56). New calcn. 
method and “lever rule,” geometrical method, 
are used to show that compn. of cave waters 
is frequently unrelated to dissolving property 
of H:O, as previously thought, but rather 
due to oxidation of sulfides and action of 
H.SO, and Fe sulfates on surrounding rocks 
(mostly carbonates ).—CA 


The Solubility of Iron in Subterranean 
Waters. M. ScHOoELLER. Ann. Inst. Hydrol. 
et Climatol., 26:1 (’55). Theoretical rela- 
tions are given that connect total Fe content 
and activities of Fett, Fett+, and FeOQH*+ 
with pH, oxidation-reduction potential, and 
activity of HCOs;s. Conditions required for 
pptn. of Fe(OH)2, Fe(OH)s, FeCOs, and 
FeS in subterranean waters are derived. 
Relation of soln. of Fe and its extent to 
nature of ground and geol. condition are 
discussed.—CA 


The Recharge of Ground-Water—Prob- 
lems and Dangers. A. Key. Surveyor 
(Br.), No. 3380, p. 116 (Feb. ’57). Advan- 
tages and disadvantages of ground water re- 
charge are listed. Purifying capac. of soil is 
discussed. Mention is made of pretreatment 
practices, and means of detg. vertical and lat- 
eral percolation rates. Article is concluded 
with list of questions concerning engineering, 
costs, administrative problems.—PHEA 


Chemical Composition of Underground 


Waters. A. Herman. Bul. Centre Belge 
Etude et Document. Eaux (Liege), 34:240 
(’56). Review is given of ionic migration 
in underground waters and of theories of 
sediment formation from these ions. [1] 
Chem. properties of water in contact with 
various rocks or soils depends on mobility 
of ions and pH. [2] Elements leached out 
by water redeposit as sediments in definite 
order, which depends on nature of elements 
in soln. [3] There is definite relation be- 
tween soil, subsoil, and underground waters, 
which depends on their salinity indexes. [4] 
Dissoln. and pptn. of elements also depend 


on dissolved O and interaction of ascending 
and descending currents.—CA 


Method of Rapid Microvolume Analysis 
of Ground Waters, Water Samples, and 
Solutions in Soil of Salted-up Regions. 
M. P. Poryaxov. Gidrokhim. Materialy 
(USSR), 24:41 (’55). Titration with Tri- 
lon B is best for identifying Ca and Mg; 
direct titration with BaCl. in presence of 
tetraoxyquinone as indicator is best for 
SO.~; usual volumetric methods are used 
for Os-~, HCOs, and Cl ions. It is more 
accurate to det. Mg from difference between 
general hardness and Cat‘ concn. General 
hardness is titrated by Versene with Black 
Eriochrome T; Ca hardness by Versene 
with murexide as indicator. To titrate Me 
directly (with Ca as difference), its hard- 
ness is obtained from Versene with Erio- 
chrome Black T as indicator (after adding 
excess oxalate liquid) in presence of pptd. 
Ca oxalate. Elec. cond. as control magni- 
tude is good, needing few min. and 3-12 ml 
liquid, with little effect from colloids; but 
if concen. exceeds 0.001 N, soln. must be dild 


Chemical Processes in Ground Water 
Wells. H. J. Poorsma. Gas. u. Wasser- 
fach (Ger.), 98:440 ('57). In addn. to 
FeOH stoppages reported, deposits of CaCOs 
or Fe compds. may be due to reduction of 
pressure on water, causing evolution of CO, 
and disturbance of equil. For deposition of 
CaCO; to occur in above instances, it is 
necessary that underground water be under 
pressure and that it be near or at CO,-lime 
equil. point. Furthermore;~pretess can be 
assisted by release of other dissolved gases, 
which will tend to wash COs out of water. 
—CA 

Evaluation of Ground-Water Tracers. 
W. J. Kaurman & G. T. Ortop. Trans. 
Am. Geophys. Union, 37:297 (’56). Lab. 
studies on 3 soils using fluorescein, chloride, 
and I™ as iodide; and field studies on sand 
and gravel aquifer using fluorescein, chloride, 
dextrose, and I", indicate that none of trac- 
ers studied is completely satisfactory for 
every situation. Cationic materials, includ- 
ing radioisotopes and certain org. dyes, are 
generally unsatisfactory for depicting move- 
ment of water through porous medium be- 
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boost pressure at peak loads 
TWO-STAGE in Port Washington, New York 
CENTRIFUGAL PUMPS 


This De Laval two-stage horizontal split-case pump is 

one of a pair used to boost pressure during peak hours oP an 1 a 

in the Port Washington, New York water works, Taking : 
water from a large underground storage tank, these 
De Laval units maintain pressure throughout the system. Consulting 7 


The dependable centrifugal pumps are powered by Engineer: 
Caterpillar diesels with speed increasers; they deliver Angus D. Henderson ma 

1500 gpm at 400 feet tdh with 15 feet lift requiring Westbury, 
185 bhp. Long Island, N. Y. 4p % 


De Laval 21S-2KS pumps are designed with ¢ back- — 


to-back impellers for balanced hydraulic thrust ¢ easily  Mehenete ten 

replaceable threaded impeller wearing rings « long-life Floral Park, 

labyrinth case rings ¢ ring-oiled ball bearings — plus Long Island, N. Y. 

ten other important design features. They are available ; 

in sizes from 2 inch to 8 inch discharge, for capacities 

to 3000 gpm and heads to 750 feet. Write for Bulletin 
- giving complete data. 


DE LAVAL STEAM TURBINE COMPANY. 
BL 2874 822 Nottingham Way, Trenton 2, New Jersey 
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can't quench his thirst! 


Over 70 billion gallons daily industry's need for water 
And, like Oliver Twist, industry constantly calls for “More.” 
18 barrels of water to make one of oil. 365,000 gallons 
to produce a ton of rayon. 250 tons for one of wood pulp. 
And every ton of coal we burn for steam and power requires 
another 600 to a thousand tons of water! 
Not hard to understand why water officials are worried about 
our supply. Here's what you can do to protect it. 

1. Encourage future water planning. 

2. Support realistic water rates and water supply 

issues. 


3. Conserve water where you can. 


America is no longer rich... in water. aan 


CAST IRON PiPE 


: 
° 
> 
a, 
| 
YOU TAX DOLLARS 
Still in service this cast iron main 
in Utica, N.Y. im 1849 ie still piping 
iron 
- 
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YOUR PROBLEM GROWS 
WITH YOUR COMMUNITY a 


As people and industry move into a community, water 


problems multiply. 


they suggest a course of public action. 


Action that will help you by enlisting greater public sympathy 


and support for your water program. 


Managing Director, Suite 3440, Prudential Plaza, Chicago 1, Ill. 


* Appearing in: Saturday Evening Post, 
News & World Report, Nation's 


e- FOR MODERN WATER WORKS 


Cast Iron Pipe Research Association advertisements*... like 
the one at left... not only tell what those problems are, 
onal 
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cause they modify transmission characteris- 
tics of system. Anionic radioisotopes may 
be largely retained by adsorption when used 
without stable carriers. Chloride may be 
satisfactorily used where diln. effects can 
be avoided and dispersion of clays is not 
likely. Org. materials are subject to de- 
compn. by soil microorganisms and hence 
their value as water tracers is limited. 
Tracer may exchange with soil-bound water 
when used as tritiated water, with a result- 
ing reduction in veloc. of tracer front—CA 


FOREIGN WATER SUPPLIES 
—GENERAL 


The Lusaka Water Supply Scheme. P. H. 
F. Pace. Wat. & Wat. Eng. (Br.), 60:384 
(56). Water for Lusaka, capital of North- 
ern Rhodesia, is pumped from 24-in. bore- 
holes, aerated to remove free carbon dioxide, 
chlorinated, and pumped to elevated 300,000- 
gal storage tank which will provide 50-ft 
pressure during periods of peak demand. 
When construction is complete aerated water 
will pass to softening plant consisting of 
vertical-flow reaction tanks for treatment 
with excess lime and aluminate. Sludge 
from tanks will be recirculated and concd. 
sludge passed to lagoon beds. Small propor- 
tion of water will not be softened and this 
will be blended with softened water in con- 
tact chamber where superchlorination will 
take place. Water will then pass through 
rapid sand filters to pure water tank. Water 
leaving this tank will be dechlorinated with 
sulfur dioxide and distributed by gravity 
through steel mains. At present, scheme 
supplies 2.5 mgd which will be increased to 
5 mgd by addn. of 2 further boreholes. 
Flow diagram of plant is given —WPA 


Pitsford Water Supply Scheme. Engineer 
(London), 202:646 (’56). To augment wa- 
ter supply for Mid-Northamptonshire Water 
Board, reservoir with capac. of 4 bil gal has 
been constructed on Pitsford stream, a tribu- 
tary of Brampton branch of river Nene. 
Reservoir will yield about 4 mgd in dry 
weather. Compensation water will be dis- 
chgd. at rate of 0.2 mgd in winter and 0.6 
mgd., in summer. Intake will later be 
constructed on Kislingbury branch of river 
Nene, from which water will be pumped to 
reservoir, and this should double yield of 


scheme. Water will be treated by coagula- 
tion, sedimentation, and filtration —WP4 


The Bala Lake Scheme of the Dee and 
Clwyd River Board. Wat. & Wat. Eng 
(Br.), 60:331 (56). Bala lake scheme of 
Dee and Clwyd River Board is described. 
New works have dual purpose of alleviating 
recurrent flooding in Dee Valley and of 
increasing water storage available in Bala 
lake for water undertakings drawing from 
this source. Water from river Tryweryn is 
diverted, against normal flow, via new chan- 
nel, into Bala lake for storage, and new 
channels, weirs, control sluices and gaging 
station have been constructed on Dee and 
Tryweryn to control flooding further down 
Dee valley. Provision has been made to 
facilitate passage of migratory fish at sluices 
by construction of fish lock—W PA 


Water Resources in the Congo. A. CLEr- 
FAYT. 3ul. Centre Belge et. Document. 
Eaux, 29:186 (’55). Author describes char- 
acteristics of ground water, and waters ob- 
tained from rivers, springs, and wells in 
Belgian Congo. Values for color, turbidity, 
odor, suspended matter, pH value. org. mat- 
ter, hardness, chem. content, and elec. cond. 
of these waters are given in tables. Advan- 
tages of using wells fed by horizontal, ra- 
diating drains, where subsoil is suitable, are 
discussed —_WPA 


Water Resources in Belgium. M. Lecraye. 
Bul. Centre Belge et Document. Eaux, 29: 
148 (’55). Author outlines geological struc- 
ture of Belgium, giving locations of water- 
bearing strata, which are shown on map, and 
principal towns that receive their water sup- 
ply from them. River water and use of 
dams and artificial lakes are further exam- 
ples of many sources of water in country. 
—WPA 


Water and Waste Waters in Austria. 
J. Kar. Literaturber. Wasser, Abwasser, 
Luft & Boden, 5:61 (’56). Account is given 
of geology and hydrology of Austria and of 
conditions of water supply and disposal of 
sewage and waste waters. Water works 
serve about 50% of pop. Most supplies are 
drawn from springs but in recent times 
bank-filtered ground water and surface water 
have been more extensively used. Plans for 
protection of water resources, formation of 
group water supplies, separate supplies for 
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industries? and requirements of navigation, 
stream regulation, and flood control are dis- 
cussed. Problems of disposal of waste wa- 
ters are then considered. Damage has been 
caused mainly by waste waters from foun- 
dries and metal-working industries. Sewage 
from about 200,000 of pop. receives mech. 
treatment and sewage from about 50,000 re- 
ceives biol. treatment also. Costs of im- 
provements required are estd—IMVPA 


Dune Water Flow and Replenishment in 
the Catchment Area of the Amsterdam 
Water Supply. I. C. Biemonp. J. Inst. 
Water Engrs., 11:195 (’57). Since 1853, 
Amsterdam’s water supply has been ob- 
tained from dunes along North Sea coast. 
This paper by director Amsterdam Water 
Supply Undertaking, describes development 
of supply, geology and hydrology of area 
and changes brought about by overdraft of 
available supply. Works now under con- 
struction will bring some 15 mgd of filtered 
Rhine R. water 33 mi. to dune catchment 
area where infiltration channels will be con- 
structed to permit recharge of underground 
supply. This will create barrier against 
further salt water intrusion and also permit 
further purification of heavily pold. Rhine R. 
water. System is designed for expansion to 
24-30 mgd of recharge water—PHEA 


Caracas Water Supply Lifted 3,125 Feet 
Over Divide. J. G. Prererti « E. C. Cote. 
Civil Eng., 26: 48 (’56). Caracas water sup- 
ply is lifted 3,125 ft over 18 mi. of rugged, 
mountainous »ntcdleal This is done against 
grades of over 50% in some places with 4 
pumping stations. Each pumping station has 
4 2-stage horizontal centrifugal pumps; each 
pump has rated capac. of 13,550 gpm against 
head of 833 ft. Pumps are driven by 3,500- 
hp synchronous motors—6,000 v at 1,500 
rpm. Steel piping of 49.5-in. was used to 
carry water. Thickness of piping varied 
from 10 to 17 mm. Inside of pipe (after 
testing) was coated with bitumastic lining; 
outside of pipe was coated with mixt. of 
spun glass and asphalt. This system was 
completed within 18 mo. after contract sign- 
ing. It is one part of 60-million dollar pro- 
gram for completing and extending Caracas 
water supply —PHEA 


Some Recent Solutions to Problems of 
Water Supply and Economy in the Neth- 
erlands. C. v. Rooyen. Bul. Centre Belge 


et. Document. Eaux, 29:176 (’55). Author 
describes methods used to supplement water 
supplies of The Hague, Amsterdam, Rotter- 
dam, Zeeland S.A., and Enschede, in Neth- 
erlands. In Rotterdam capac. of river-water 
supply has been increased by using chem. 
treatment plant in addn. to existing biol. 
treatment in slow sand filtration plant. Ef- 
fluents from both plants are mixed, giving 
total plant capac. of 70 million cum per yr. 
Flow diagram of plant is given and also 
sketch of tank in which ferric chloride is 
produced. At Enschede, The Hague, and 
Amsterdam, and in southern Zeeland, ground- 
water supplies have been increased by arti- 
ficial recharge with surface water from 
nearby rivers and canals, after purification. 
In southern Zeeland disused canal has been 
used to form reservoir to which water is 
pumped from across Belgian frontier. 
Sketch map of district is given, showing 
pumping station, reservoir, and treatment 
plant. To ensure supplies to meet future 
needs in western part of country, author 
recommends construction of large impound- 
ing reservoirs.—IVPA 


Water Supply in the Federal Republic of 
Germany, the Problems it Raises and the 
Efforts Made to Solve Them. Kumpr. 
Bul. Centre Belge et. Document. Eaux, 29:182 
(55). Author outlines general position of 
water supply industry in Western Germany. 
Rising standards of living and large increase 
in pop., due to migration from central and 
eastern Germany have increased demand for 
water. To meet this demand, surface water 
must be used, incurring large expenditure on 
treatment plant. However, some economy 
has been achieved in steel industry by reuse 
of its process water, resulting in reduction 
of from 20 cum to 5-6 cum of water used 
to produce 1 ton of steel. It is hoped that 
similar economies will be possible in other 
industries. Large-scale regional planning of 
water supplies, and uniform laws throughout 
the Republic to conserve the water table and 
to protect surface water from pollution are 
recommended. A geological survey is being 
carried out to determine the ground-water 
resources. The international control of fron- 
tier water resources, such as lake Constance 
and the river Rhine is discussed—WPA 


Israel’s Water Problem. Wat. & Wat. 
Eng. (Br.), 60:436 (’56). To supply large 
quants. of water that Israel needs for irri- 
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Discharge 


GIVE 
ACCURATE 
THROTTLING 


At Philadelphia’s Southeast and 
Central Schuylkill Pumping Sta- 
tions, twelve SMS-Rotovalves 
with electric operators are in 
stalled at the discharge ends of 
vertical centrifugal pumps. 
These 30-inch Rotovalves were 
chosen for their reliability of op- 
eration and ability to throttle 
pump discharge accurately. 


heir full-line opening cuts pres- 
re loss to lower pumping costs. 
lf-purging, monel-to-monel 
ats are out of the stream, and 
ss subject to wear. Rotovalves 
give quick, easy throttling oper- 
ation. Bronze trunnions elimi- 
nate friction as the plug first 
lifts, then turns, finally reseats 
—— in the desired position. For emer- 
gency ciosure, maximum initial 
eliminates sufficient line 
: surge shock to prevent damage 

to pump parts. 


on SMS-Rotovalves, as well as 

the complete line of Ball Valves 

as : and R-S Butterfly Valves, by 

shows dry well and discharge risers. Close. Contacting our nearest represen- 

up (lower photo) shows a 30-inch Rotovalve equipped tative. Or, write to S. Morgan 
with electric motor-driven operators. Smith Company, York, Penna. 


4 
j You can obtain full information 


ball SMITH = 


_ AFFILIATE: S$. MORGAN SMITH, CANADA, LIMITED, TORONTO 
Rotovalives Ball Valves R-S Butterfly Valves Free- 
Valves * Liquid Heaters * Pumps « Hydraulic Turbines & Accessories 
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gation, particularly for development in 
Negev, and also for domestic and industrial 
use, all available sources must be used. In 
addition to water from wells, springs, 
streams, and flood water, water from river 
Jordan is essential to plan to supply 1,800 
million cum annually within next 10 yrs. 
National supply scheme will incorporate 3 
types of projects: local irrigation systems 
drawing water from springs or wells; larger 
schemes which will include drainage of 
Huleh lake and swamps and irrigation of 
that area; irrigation of Beisan valley and 
Jordan valley south of lake Tiberias by 
water from lake; irrigation of coastal plain 
and Esdraelon valley with water from 
springs and wells in area and from river 
Kishon; and eastern and western Yarkon- 
Negev projects which will supply water to 
southern coastal plain and northern and west- 
ern Negev by pipeline from river Yarkon; 
and finally, major Jordan-Negev* scheme 
which will connect and regulate other 
schemes. This major scheme will consist of 
canal from river Jordan at B’not Yaakov di- 
verting avg. supply of 435 million cum of 
water to hydroelectric station at Tabgha. Of 
this flow, 200 million cum will pass directly 
to reservoir at Wadi Tufah and remainder 
will be used to produce power, passing into 
lake Tiberias, from where it can be pumped 
back into canal. From Wadi Tufah water 
will be pumped to existing storage reservoir 
with capac. of 7 million cum in Beit Netofa 
valley and thence will flow through main 
conduit to reservoir at Faluja from which 
smaller pipelines will pass into Negev. 
Lake Tiberias will be used as main storage 
reservoir for system, water from saline 
springs on western shore being diverted to 
river bed below lake outlet. Other storage 
reservoirs are planned for southern end of 
pipeline. Districts normally obtaining water 
from wells will be supplied from this system 
in times of above avg. flow, resting wells 
and allowing water table to recover. 
Scheme has been designed to allow coopera- 
tion with neighboring states in regional use 
of water from river Jordan.—IVPA 


A Rural Water Supply Scheme. Civ. 
Eng. (London), 52:164 (’57). 2 reservoirs 
and treatment plant have been constructed 
at Penycae by Wrexham and East Denbigh- 
shire Water Company, to serve rural areas 
of Rhos and Ruabon. Plant has capac. of 


1 mgd, and treatment comprises coagulation 
with alumina ferric, filtration through pres- 
sure sand filters, adjustment of pH value 
with lime, and chlorination —W PA 


Torquay Corporation Waterworks Under- 
taking. A review. 1856-1956. J. Brit. 
Water Works Assoc., 38:360 ('56). Tor- 
quay Waterworks Act, 1856, vested in Tor- 
quay Local Board of Health sole responsi- 
bility for supply of water to Torquay and 
neighboring districts, and historical outline 
is presented of continued development and 
improvement of Water Undertaking’s re- 
sources and treatment plant, distr. network 
and service reservoirs necessary to meet in- 
creasing demands and extension of area of 
supply in ensuing 100 yrs. Today’s supply is 
obtained from 4 impounding reservoirs with 
total capac. of 848 milgal in Kennick, 
Trenchford and South Teign river valleys. 
Filtration plant at Tottiford has been ex- 
panded since its installation in 1912 and now 
consists of 32 pressure filters capable of 
yielding 4-7 mgd. Work is proceeding on 
installation of new automatically controlled 
chem. treatment plant at Tottiford works. 
In 1866 severe corrosion and nodular en- 
crustation of cast-iron mains caused by soft 
acid water, was removed by use of, for first 
time it is claimed, automatic pressure-pipe 
scraper; cast-iron trunk mains are now 
scraped annually. Noncorrosive asbestos- 
cement pipes have been used in preference 
to iron pipes since 1932—WPA 


CHEMICAL FEEDING, CONDI- 
TIONING AND SEDI- 
MENTATION 


Coagulation and Sedimentation. J. M. 
DALLAVALLE. Proc. Am. Soc. Civ. Engrs., 
No. HY4, p. 1052 (’56). Math. discussion 
of coagulation and of sedimentation.—C A 


Principles of Flocculation Related to Wa- 
ter Treatment. P. D. Haney. Proc. Am. 
Soc. Civ. Engrs., No. HY4, p. 1036 ('56). 
Mechanisms of, and factors affecting, coagu- 
lation and flocculation are quantitatively dis- 
cussed.—C A 


Hypochlorination for Slime Control. J. 
D. Sprtincs. Power, 101:102 ('57).  Inter- 
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“Watch Dog” models 

. made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 


Disc, turbine, or com- 


SURE 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 
LIFE. 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and so many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 
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mittent use of hypochlorite as against con- 
tinuous use of Cl was less expensive, yet 
produced similar results—CA 


Treatment of Water by the Aid of Coagu- 
lants. I. A. Driz.  Spirtovaya Prom. 
(USSR), 22:27 (’56). General discussion 
of reactions Ale(SO.)s + 3Ca(HCOs)2= 
2A1(OH)s + 3CaSO, + 6COz, 2FeCls + 3Ca- 
(HCOs)2 = 2Fe(OH)s + 3CaCle + 6COz for 
treatment of H:O. Second reaction is pre- 
ferred for practical applications.—CA 


New Flocculants Yield Real Benefits. 
Chem. Eng., 64:162 (’57). Advantages of 
new types of org. coagulants are discussed, 
and their performance is compared with 
inorg. coagulants and older types of org. 
coagulants. Choice of org. coagulant, 
method of application, and costs, are con- 
sidered briefly. Most widely used so far is 
Separan 2610.—IVPA 


Experiments on the Electrolytic Chlorina- 
tion of Water. F. W. Brauss. Arch. Hyg. 
u. Bakteriol. 139:132 (’55). Electrolytic 


chlorination might be used to treat strongly 


saline water for certain types of pools. Lab. 
expts. were made to det. amt. of available 
Cl produced by different combinations and 
sizes of electrodes immersed for 3 min in 
water contg. 0.1% NaCl with a current of 
1.1 amp. It was found that bubbles of Cl 
produced were small and well distributed, 
and it is concluded that this method could 
be used to produce min. doses of Cl, and 
thus reduce risk of irritation of respiratory 
tract—CA 


Physicochemical Study of Calcareous 
Sedimentation. A. Riviere & S. VERNHET. 
Compt. Rend. (Fr.), 244:2080 (57).  Lit- 
toral pond waters of Languedoc in summer 
have higher pH than sea water, sometimes 
as high as pH 9, but no unusual activity by 
photosynthesis. Elevated pH and high alk. 
reserve (Ca and Mg carbonates in soln.) 
of these low-salinity waters are explained 
by law of mass action in terms of CaCOs + 
CO: + H:O = Ca(HCOs)2 and Ca(HCOs):» 
+ 2H:0 2H:CO; + Cat++ It ex- 
plains absence of carbonate pptn. from sea 
water by anaerobic reduction of sulfates 
where preexisting supply of limestone is 
lacking. It also elucidates certain problems 
in oceanography. That alk. reserve of fresh 
waters can become higher than that of sea 
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points up significant role of river waters in 
process of limestone sedimentation —CA 


Production and Handling of Lime Slurry 
for Use in Chemical Applications. L. J. 
MINNICK & C. A. DANFortH. Ind. Wastes, 
1:248 (’56). Lime-handling system and 
method of formation of high concn. lime slur- 
ries for treatment of acid wastes is described. 
Advantages of using hydrated lime over 
quicklime in some acid waste treatment ap- 
plications are enumerated: higher dispersion 
of solid particles, improved reaction rates, 
higher combining efficiency. High-solids 
concen. lime slurry is obtained from truck 
contg. dry bulk lime by means of slurry 
eductor which may be coupled to low-pres- 
sure water supply. At optimum water pres- 
sure of 25-30 psig, slurry may be obtained 
contg. avg. of 30% solids by wt. Conens. 
as high as 50% solids by wt. may be ob- 
tained by recycling some of slurry and add- 
ing it to water used in discharging truck. 
Conens. as high as 50% conserve storage 
tank space and yet produce pumpable mix 
that shows low tendency to settle. Graph is 
presented from which size of lime slurry 
storage tank can be detd. for different 
quants. of lime. Diagram of waste treatment 
plant arrangement is given. Operation of 
plant is described —PHEA 


The Behavior of Humic Substances in 
Water. Humic Acid Flocculation in 
Peat-Bog Waters. II. Action of Electro- 
lytes. G. v. BenepeN. Bul. Centre Belge 
Etude et Document. Eaux (Liege), 33:173 
(56). This work, continuing some previous 
research on subject, establishes that influence 
of sol. Fet+*+ salts on pptn. of humic sub- 
stances in presence of acid is not result of 
simple adsorption. Evidence shows that 
there is very likely reaction taking place 
between Fe++ and specific substances present 
in peat. Certain definite proportions are 
necessary for complete reaction and so that 
none of these reactants appear in filtrate. 
So-called “complexed” ion thus exerts floc- 
culating action on humic substances by giving 
a ppt. with them in slightly acid soln. (pH 
6.0), and appears to be in reality “complex- 
ing” agent. These expts. were effected by 
using peat extract in which humic material 
was about 10 times as concd. as it normally 
is in peat-bog water. In such waters, above 
reactions could not be evidenced, most likely 
due to lower concn. of reactants.—CA 
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2” through 12” 


...with the 
power-driven 
C-] Drilling Machine eis Making a large cut with the 
Mueller C-1 Drilling Machine 


powered by the portable H-602 
Gasoline Engine Drive Unit 


The Mueller CC Drilling Ma 
chine offers basically the same 
; re features as the C-1, but is hand 
| nstall inserting valves, connect branch operated 
mains and make other cuts through cast iron, steel 
and asbestos-cement pipe with the power-driven 


Mueller C-1 Drilling Machine. 


Automatic or manual feed gives the operator positive control over the 
complete 25” boring bar travel. A feed indicator shows the actual depth of the cut at 
any time during the drilling operation. Cuts can be made under J 
pressures to 500 p.s.i. at 100° F. or under temperatures to 500° F. at 250 p.s.i. 7a 


Both the H-600 Air Motor 
and the H-602 Gasoline 
Engine Drive Units are 
specifically matched to the 
C-1 Drilling Machine for 
maximum performance 
The air motor unit will ad 
vance the boring bar 1” in 
about 8 minutes. The gas 
oline engine unit is a trifle 
slower but is more power- 
1-602 Gansline Engine Drive Unk ful and gives more positive 
results when making large 
cuts through steel pipe 


Compare the many advantages of the 
power-driven Mueller C-1 Drilling Machine MUELLER 
with your present method of making cuts eS 
Ask your Mueller Representative for Xe —_ 7 DECATUR, ILL. 


complete information and costs 


Mueller Limited. Sema, Ontero 
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(Continued from page 56 P&R) 


Cochrane Water Conditioning 
Ltd., a subsidiary of Cochrane Corp., 
Philadelphia, has established permanent 
headquarters in its new building at 
1355 Martin Grove Rd., Toronto, Ont. 
The company also maintains offices in 
Montreal, Que., and Winnepeg, Man. 


A toast—with water, of course—to 
$8,000,000 in Shreveport, La., water 


and sewerage system improvements 


was given at the recent public inspec- 
tion and open house held by the water 
department. (The toasters in the 
photo below are, left to right, Thomas 
LL. Amiss, superintendent of water and 
sewerage; R. L. Hyde, chief engineer 
at the Cross Lake treatment plant ; and 
Ed Phelps, commissioner of public 


Increased treatment canac- 


ity, new distribution lines, and a tie-in 
to a new source of supply, northwest 
Louisiana’s Caddo Lake, are included 
in the $5,000,000 worth of water sys- 
tem improvements now nearing com- 
pletion. 


The rigors of Army life reached 
an almost unbearable point last sum- 
mer at the Fort Bragg officers club, 
when the * water 
fountain would produce nothing but 
seltzer water. It isn’t clear whether 
the “superior officers” whose thirsts 
went unquenched for the 4-hr duration 
of the emergency use plain water 
“with” or as a chaser, but, either way, 
we can certainly appreciate their dis- 
tress. Fortunately, there were no 


* 


BEST DRINK 


(Continued on page 84 P&R) 
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Typical packaged system for 

water treating ready for shipment 
s includes an H20 simplex pump, a 
_ 60-gallon polyethylene tank, suc- 

tion piping, close-off and relief 


valves. 


H20 Simplex 
Controlled 
Volume Pump 


meter chemical solutions accurately 7 


You can depend on Milton Roy H20® 
Controlled Volume Pumps to meter 
your boiler-water treatment chemi- 
cals accurately, in addition to other 
mildly corrosive and non-corrosive 
liquids. 


High metering accuracy, long serv- 
ice life, minimum maintenance, 
availability from stock, and low cost 
are all advantages of H20 pumps. 
They embody quality design fea- 
tures usually found only in higher 
priced pumps, including: self-align- 
ing bearings self-adjusting 
packing . . . double ball checks on 


suction and discharge . . . cartridge- 
type, easily replaceable valves . . . 
standard continuous flushing con- 
nections. 


For your water treating jobs, Milton 
Roy Controlled Volume Pumps can 
provide the logical, economical 
answer to chemical metering as well 
as accurate flow control. Write for 
Bulletin 557. 


Milton Roy Company, 1300 East 
Mermaid Lane, Philadelphia 18, Pa. 
Engineering Representatives through- 
out the world. 


> 

ise 


CONTROLLED VOLUME PUMPS QUANTICHEM ANALYZERS 
CHEMICAL FEED SYSTEMS e ANDERS AIR AND GAS DRYERS 


JOURNAL AWWA P&R 83 
P 
| 
4 
>. 
> 
( 
v 
| 
| 
| 
val 
 miften OY 
CHEMICAL INSTRUMENTATION SYSTEMS 


5 


PERCOLATION AND RUNOFF _ Vol. 49, No. 11 


1940-1955 
CUMULATIVE 


INDEX 


TO THE 
JOURNAL 


These features make the new 
16-year Cumulative Index 
(clothbound, 192 pp.) a time- 
saving, easy-to-use guide to 
Journat AWWA for 1940- 
1955: 


@ topic index—titles of all 
articles on a particular subject 
are listed together under the 
appropriate heading, with cross 
references to related topics. 


@ geographic index—lists 
names of places and areas 
dealt with by articles in detail. 


@ author index—provides a 
key to all articles by every 
author during the 16-year pe- 
riod covered. 


@ other reference aids— 
complete topical outline, alpha- 
betical list of subjects, table of 
text page numbers for each 
issue. 


List price, $4.50 


Price to members send- 
ing cash with order, 
$3.60. 


AMERICAN WATER 
WORKS ASSOCIATION 
2 Park Ave., New York 16, N. Y. 


(Continued from page 82 P&R) 


major casualties—not even the repair- 
man, who had to explain that the fault 
lay in the new soft-drink dispenser, 
which had built up too much pressure 
and backed carbonation into the foun- 
tain. We haven’t been able to find out 
whether those * soft 
drinks have since been declared out of 
bounds, but it is good to know that 
plain water is really appreciated. 


Not a Toni, but a Len is the dis- 
tinction that one twin we know boasts 
of, and as the twin is Minneapolis’s, 
it becomes obvious that the Len is that 
erstwhile teacher and football coach 
named Thompson who, having caught 
the water bug on a summer job, joined 
the St. Paul Water Dept. in 1912 as 
a $50-a-month draftsman and, with a 
short break for military service during 
World War I, has been a part of the 
staff ever since, becoming General Su- 
perintendent and Engineer in 1929 and 
General Manager in 1945. What 
brings this bit of history now is the 
fact that, although 45th anniversaries 
are usually as remembered as second 
cousins’ birthdays, Len’s 45th brought 
Commissioner of Utilities Milt Rosen 
and the whole water department staff 
around to congratulate him and to ply 
him with cigars, tobacco, and all the 
tools of the smoking trade. And more 
welcome yet, to give him the time to 
do the necessary smoking, the city suc- 
ceeded in obtaining the services of Cliff 
Hamblin, former superintendent of the 
Mason City, Iowa, water department, to 
work with Len. Now, with a present 
AWWA director from a past state and 
an ex-twice-director and former presi- 
dent of AWWA taking care of its 
water supply, the saintly twin doesn’t 
need a Toni. 


* Still pronounced “blankety blank.” 


(Continued on page 86 P&R) 
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BOTTLE TIGHT 


JOINTS 


Strength is essential for an efficient water pipeline—steel pipe has it. 
Flexibility is just as necessary—steel pipe has it. 
Economy of installation is certainly desirable—steel pipe has it. 
But what makes these assets doubly valuable to you—is the fact that 
steel pipe can give you bottle tight joints. 


When you use Steel Pipe your joint problem is 
solved—steel water pipe assures bottle tight 
joints for the life of your line. That’s why mM 
you're so smart to specify steel lie 


“WHEREVER WATER FLOWS-STEEL PIPES IT BEST” 


STEEL PLATE FABRICATORS iS 
ASSOCIATION 1 


=. MONROE ST., CHICAGO 3, ILL. 
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Indianans shouldn’t have any diffi- 
culty remembering the street address 
of the Asuncion, Paraguay, water 
works: Avenue Senator Homer E. 
Capehart. The nomenclature is in rec- 
ognition of the senator’s active inter- 
est in connection with the Export- 
Import Bank loan that made the water 
works construction possible. 


APHA has initiated a long-range 
technical development program concen- 
trating on such fields as radiological 
health, accident prevention, environ- 
mental health, and public health ad- 
ministration. A\WWA’s B. A. Poole, 
of Indiana, is a member of the board 
reg the program, and Dwight 

. Metzler, of Kansas, is chairman of 


the technical committee on environ- 
mental health. 


Herman Gruher has been appointed 
to the newly created position of market 
research and sales training manager 
for Keasbey & Mattison Co., Ambler, 
Pa. He was formerly with Multiwall 
Packaging Div. of St. Regis Paper Co., 
New York, where he was engaged in 
similar work. 


Richard Ankener, 
commissioner of the 
Dept. of Water Supply, Gas & Elec- 
tricity, died Sep. 9, 1957. A graduate 
of the Cooper Union School of Engi- 
neering, he joined the department in 


retired deputy 


New York City 


7 (Continued on page 88 P&R) 
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IRON REMOVAL & 
WATER SOFTENING 


During 1956 we built a large number of dur- 
able and efficient low cost water treating 
plants for the removal of iron, manganese, 
hardness and other undesirable impurities. 
These plants operate automatically, require 
very little space and are unusually inexpen- 
sive to operate and maintain. wt 


Full Particulars on Request 


NEW JERSEY 


— 

| 

— 

& TERRY, INC. 
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— Consulting Engineer L. W. Veigel 
SPECIFIES 


INERTOL: COATINGS 


throughout new 


2-MGD WATER WORKS, 
Dickinson, North Dakota 


Torex® Enamel, in Sea Green No. 304, protects sub- 
merged surfaces of filter beds against water and 
water treatment chemicals. Photograph shows 

E. A. Tschida, Plant Superintendent, 

checking filter valves. 


SPECIFICATIONS 

FOR TOREX ENAMEL: 

A glossy, chlorinated natural 

rubber-base coating .. . fade-resistant. 

For submerged surfaces of concrete and steel 

in water works. 

Concrete Surfaces: 

Colors: Color Chart 560. No. of coats: One TOREX Enamel over one 

TOREX Undercoater. Coverage: 250 sq. ft. per gal. per coat. Approx. mil 

thickness per coat: 1.0. Drying time: 24 hours between coats; 7 days before 
submerging. Primer: TOREX Undercoater. Thinner: Inertol Thinner 2000. Application: 
Apply to etched concrete. Brushing: As furnished. Spraying: Add sufficient Inertol 
Thinner 2000 (10 t0 50%). (Write for TOREX steel-surface painting specifications.) 


@ In addition to TOREX ENAMEL, Consulting Engineer Veigel specified: color- 
ful RAMUC® UTILITY ENAMEL, chlorinated natural rubber-base, for nonsub- 
merged masonry; GLAMORTEX® ENAMEL, Mar-resistant alkyd, for nonsub- 
merged metal to be painted in color; rnErToL No. 49 Thick, long-wearing 
asphaltic coating, for submerged metal where black bituminous paint is 
suitable. 

Inertol coatings have met the requirements of hardness, elasticity and 
chemical inertness in water works throughout the country. That’s why 
Mr. Veigel chose them for the city of Dickinson, a growing farm and mining 
community with a prosperous future. 

Buy Inertol paints direct from the manufacturer. Shipment within three 
days from our plant, or from nearby warehouse stocks. For full information 
about Inertol coatings, write today for free “Painting Guide.” 


Ask about Rustarmor,® Inertol’s new hygroscopically controlled rust-neutralizing paint. 
INERTOL CoO., INC. 
A COMPLETE LINE OF QUALITY COATINGS FOR SEWAGE PLANTS & WATER WORKS 


a 484 Frelinghuysen Avenue 27 G South Park 
Newark 12, New Jersey San Francisco 7, California 


Visit us at the American Water Works Association Convention—Booth 405 
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1900 as a chainman and rodman. 
Later he became an assistant engineer, 
a position he held until his appoint- 
ment as deputy commissioner in 1941. 
He retired in 1946 to enter private 
consulting practice. 

A Life Member of AWWA (joined 
in 1922), Mr. Ankener also belonged 
to the Municipal Engineers Assn. and 
the Brooklyn Engineers Society. 


Your call brings quick delivery from a Jones plant 


; Charles H. Beebe, partner in the 
CHLORINE service that’s engineering firm of Harwood Beebe 


only a telephone away Co: Spartanburg, S.C., was killed 

Jun. 23, 1957, when a small private 
plane he was flying crashed near 
Union, S.C. His college career inter- 
rupted by service with the US Air 
Force, Mr. Beebe received a B.S. in 
civil engineering from The Citadel in 
1948. Since then he had been an ac- 
tive employee and partner in Harwood 


Call us for Chlorine as you need it, 
and get safe, swift delivery—often 
in just a few hours. 

You can eliminate the high cost and 
nuisance of storing large amounts 
of Chlorine by ordering it as you use 
it. There are seven Jones Company 
plants conveniently located across F 
the U.S. ready to supply you— Beebe Co. 
whether you want 16-, 105-, 150-lb. 
cylinders or 1-ton tanks. 

Quality of Jones Chlorine is un- 
excelled meets all rigid govern- 
ment specifications. 

Learn yourself why Jones sup- 
plies more municipalities in the U.S. J, ° 
than any other Chlorine packer. We 
will be glad to review your contract 
requirements at any time. Call or 
write for information. 


Classified ads will be accepted only for ‘Positions 

Available” or ‘Position Wanted.” Rate: $1.50 per 

line (minimum $5.00), payable before publication. 

Deadline for ad copy: first of month prier to month 

30 of publication desired. To place ad, obtain “Classified 

Tele: Caledonia 84,79, 339 Tele: Fairfax 8-6383 Ad Authorization Form” from: Classified Ad Dept., 
Nevado 6-6795 Journal American Water Works Assn., 2 Park Ave., 

INDIANAPOLIS, IND. New York 16, N.Y. 

600 Bethel Ave. JACKSONVILLE, FLA. 

Beech Grove (Indpls), ind. 2365 Dennis St. 

Tele: STate 6-1443-1444 Tele: Elgin 4-5503, 6-3321 


CHARLOTTE, N.C. NORTH MIAMI, FLA. Positions Available 

610 MecNinch St. 14400 N.E. 20th Lane 
Tele: Franklin 6-7790, Tele: North Dade 6-146] 
ia 6-1922 6-1462 
: HYDRAULIC ENGINEER: 14 years experience 
— MICH. in pipelines, pumping, water resources. Desires to 
 “‘Féles Avenve 3-0676 locate in Washington, D.C., as representative of water 
supply equipment manufacturer. Box 111, Journal 
American Water Works Assn., 2 Park Ave., New York 

16, N.Y. 
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TIME-IMPULSE 


TELEMETERING 
IS TOPS! 


..-AND YOU'VE SAID IT TOO...WITH YOUR ORDERS!! 


In Builders Chronofio Telemetering Systems: The transmitting and 
receiving reactions depend only upon the positively controlled dura- 
tion of regular electric circuit closures and nothing more. 
_ *The Telemeter is a pure, positive-action positioning system. 
4 @ It does not have to translate units of electric measurement into terms of rate of 
flow or other factors measured. 
@ It requires no relatively delicate electric components. 
@ It doesn’t employ a series of contact rods “shorted out” by step-by-step action 
of rising mercury. 
@ It is not affected by normally encountered induced voltages. 
@ Receiver accuracy not affected by room temperature, line pressure, duration of 
“down time”, and similar factors. 
*The Chronoflo Receiver is mot inferentially positioned except with 
respect to time duration of the Transmitter signals. 
These are only a few reasons why time-impulse telemetering is “Tops” 
Let the company which pioneered this system over 25 years ago and 
has the experience gained in engineering thousands of installations 
give you complete proof of its dependability and accuracy. 


Request Bulletin 230-H4A. Write Builders-Provid Inc., 365 Harris Ave., Providence 1, R. I. 


@BUILDERS-PROVIDENCE 


METERS 


B-I-F INDUSTRIES 
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HOW TO SELECT 
WATER-CONDITIONING EQUIPMENT 
(NO. 6 OF A SERIES) 


Typical Water-treatment 


Systems 


« 


CATION 
EXcHanGer 


FILTER 


ACTIVATED 
ANTHRACITE CARBON 
FILTER FILTER 
Treating a process water used in manufacturing electronic components 


| 
Ale AERATOR CHEMICAL (> 
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— 7 Treating a well water for a municipal water supply 
SS / FEEDERS MIXED 
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These factors are involved in selecting 
types and sizes of equipment for a specific 
use: Analysis of the raw water, volume 
and quality of water required, initial and 
operating cost of equipment, rate of amor- 
tization and future expansion possibilities. 
Typical systems illustrating widely vary- 
ing requirements: 


Treating a well water for a 
municipal water supply 
(or as pretreatment for demineralizing) 


Aerator reduces CO: . . . to lower acidity. 
It also reduces taste and odor and oxidizes 
any dissolved iron or manganese. Precipi- 
tator, depending on the chemicals used, 
removes turbidity, color, hardness and oxi- 
dized iron and manganese. Gravity filter 
removes remaining traces of turbidity from 
Precipitator effluent. 


Treating a process water used in 
manufacturing electronic 
components 


“Package” Precipitator removes the bulk 
of the turbidity, hardness and iron. Anthra- 
cite filter removes remaining suspended 
matter from precipitator effluent. Aecti- 
vated carbon filter removes color and 
absorbs dissolved organic matter. Demin- 
eralizer (cation, anion and mixed-bed 
units) reduces dissolved solids to a very 
low, guaranteed maximum. Polishing filter 
removes traces of suspended matter from 
demineralizer effluent. 


PROCESS 
SOFTENER 


— 
ANTHRACITE 


FILTER 


CHEMICAL 
F 


Treating water for a steam boiler 


JOURNAL AWWA 


Treating water for a steam boiler 


(For high-pressure-boiler feedwater 
treatment, see ‘9 ways to demineralize 
water by ion exchange”’.) 


Hot-process softener reduces hardness to 
a few grains per gallon. It also reduces sil- 
ica. Anthracite filter removes remaining 
turbidity from the effluent of the hot- 
process softener. Zeolite softener may be 
added where zero hardness is required. 
Deaerating heater removes oxygen to pre- 
vent corrosion. 

For general recommendations on any 
type of water problem or equipment for its 
correction, write The Permutit Company, 
Dept. JA-11, 50 West 44th St., New York 
36, N. Y. or Permutit Company ot Canada, 
Ltd., Toronto 1, Ont. 


NOTE: Reprints of this series of ad- 
vertisements, “How to Select Water- 
Conditioning Equipment,” are rec- 
ommended as a handy “short course” 
for students and engineers. A set of 
reprints will be sent free, on request. 


PERM 


rhymes with “compute it’ 


A DIVISION OF PFAUDLER PERMUTIT INC. 
Water Conditioning 
lon Exchange « Industrial Waste Treatment 


DEAERATING 


ZEOLITE 
EOLI HEATER 


SOFTENER 
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SERVICE LINES 


APPROVED 


hy UNDERWRITERS’ LABORATORIES, Inc. 
FACTORY .— am, MUTUAL 


Demineralizers, their design, applica- 
tion, and operation, are the subject of an 
illustrated 8-page technical bulletin, is- 
sued by L A Water Softener Co. Copies 
may be obtained by requesting Bul. No. 
108-A from the company at 1007 Air 
Way, Glendale, Calif. 


Valve lubrication and maintenance 
is simplified by a 19 X 24-in., three-color 
chart. Made of heavy paper with metal 


FIRE HYDRANTS 


No. 74 & No. 76 California 
Type Wet Barrel Double 
Hydrant (for non-freezing 
weather). INDEPENDENT 
valves for each outlet; integral 
curved deflector head; full 64/4” 
waterway through hydrant 


edges, suitable for display on office and 
shop walls, the chart gives detailed in- 
formation on four types of Rockwell- 
Nordstrom valves. It may be obtained 
by writing the Meter & Valve Div., Rock- 
well Mfg. Co., 400 N. Lexington Ave., 


body. Greenberg “Cascade” 
Dry Barrel hydrants are avail- 
able for freezing climates. 


Pittsburgh 8, Pa. 


A maintenance guide for its D7, D8, 
and D9 tractors has recently been pub- 
lished by Caterpillar Tractor Co. In 
narrative form, with full-color drawings, 
the 24-page booklet discusses all phases 
of proper maintenance, operation, and 
servicing. Copies, available in five lan- 
guages, may be obtained by requesting 
Form 32395 from the Advertising Div., 
Caterpillar Tractor Co., Peoria, Ill. 


We manufacture a complete 
line of Industrial and Mari- 
time bronze valves, hydrants, 
plumbing specialties, plaques, 
letters and hardware. Write 
for our catalog. 
Serving American Water Works 
Founded 1854 


BRONZE PRODUCTS 


GREENBERG. Ff 
M. GREENBERGS SONS 


765 Folsom Street, San Francisco, Calif. 


Phone Exbrook 2-3143 


—with offices in principal 


Emergency cut-in valves are the sub- 
ject of a 4-page bulletin, No. W-14, con- 
taining schematic drawings, parts lists, 
dimensions, and other technical data. The 
publication may be obtained by writing 
the manufacturer, Golden-Anderson Valve 
Specialty Co., 1221 Ridge Ave., Pitts- 
burgh 33, Pa. 
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cOSTS LOW! 


YOUR cITy SAVES 
ON MAINTENANCE COSTS 
FOR YEARS TO COME WITH 
CONCRETE PRESSURE PIPE! 


Because of its great resistance to corrosion and tuberculation, dependable Con- 

crete Pressure Pipe gives your city extra years of trouble-free service, gives 

impressive dollar savings on maintenance costs throughout its unusually long 
life span. 

You save money for your city —from the trench to the pump—when you choose 
Concrete Pressure Pipe, with easy-fitting Rubber Gasket Joints. Specify it and 
get these “4 big savings” built into every piece of low-cost, long-lasting Concrete 
Pressure Pipe. 

1. YOU SAVE ON FIRST COSTS -The variety of designs available in Concrete 
Pressure Pipe makes it possible to choose the most economical design which 
will serve with maximum efficiency under the specified operating conditions 
required of the line. 

2. YOU SAVE ON INSTALLATION COSTS —With Rubber Gasket Joints, 
there’s no caulking, bolting or welding needed. You can have minimum width 
trenches and immediate backfilling. 

3. YOU SAVE ON MAINTENANCE COSTS — Durable Concrete Pressure Pipe 
has an experience record of almost complete freedom from corrosion and tuber- 
culation. Elastic design virtually eliminates possibility of bursting —even under 
conditions of extreme surge and water hammer. 

4. YOU SAVE ON OPERATING COSTS — Freedom from tuberculation insures 
a high sustained carrying capacity. No spiralling pumping costs and no reduced 


pressures. 


In the main—the trend is to concrete! 


AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
228 North LaSalle Street Chicago 1, Illinois 
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Michigan Section: The Michigan Sec- 
tion held its nineteenth annual meeting in 
Detroit at the Detroit-Leland Hotel Sep. 
25-27, 1957. The Motor City proved to 
be a very congenial host and had much to 
offer in the way of entertainment and wa- 
ter works expansion and planning. A 
record attendance of 427, including 86 
ladies, indicated the interest the member- 
ship had in visiting Detroit and in the in- 
formation provided on the technical ses- 
sions. [A list of papers and authors will 
appear in the December issue. ] 

The clever wit of Chairman Walter E. 
Smith and Toastmaster F. W. “Duke” Du 
Bois contributed toward a very enjoyable 
annual banquet on Thursday, Sep. 26. 
Greetings were presented by Albert E. 
Heustis, commissioner, Michigan Dept. of 
Health, and by President Merryfield. The 
banquet speaker, “Sonny” Eliot, brought 
much humor to his subject, “Weather and 
Water.” Harry H. Caswell was nomi- 
nated to receive the George Warren 
Fuller Award after many years of faith- 
ful service to his community and the 
Michigan Section. Thirty-three members 
received the Edward Dunbar Rich Serv- 
ice Award for 25 years of meritorious and 
faithful service in providing and main- 
taining a safe and adequate water supply. 

The manufacturers’ representatives and 
WSWMaA again proved to be very gra- 
cious hosts at a smoker on Wednesday 
night and a cocktail hour on Thursday 
night preceding the banquet, as well as 
providing refreshments at the dance after 
the banquet. 

T. L. VANDER VELDE 
Secretary-Treasurer 


North Central Section: The Nort 
Central Section held its 41st annual meet 
ing in Fargo, N.D., Sep. 25-27, 195, 
jointly with the North Dakota Water . 
Sewage Works Conference. The prc 
gram and all activities were carefull 
worked out well in advance by joint con 
mittees. The result was a most succes: 
ful meeting, highly profitable to the mem 
bership of both groups. 

Program papers were exceptionall 
timely and well prepared. A tribute t 
both papers and speakers was the size an 
attentiveness of the audiences at all se: 
sions. [A list of papers and authors wi 
appear in the December issue. ] 

The convention was officially welcome 
at a special luncheon held Wednesday 
noon. A smorgasbord given by the Area 
Municipal Contractors Wednesday eve 
ning, Sep. 25, afforded an excellent op 
portunity for meeting of old friends 
Thursday noon the annual luncheon and 
get-together of all past chairmen was 
held, with the present chairman, H. H 
Behlmer, and AWWA  Vice-Presider 
Finch as guests. The Annual Banque 
presentation of awards, and an evenin 
of entertainment took place Thursday 
William Yegen of Bismarck, N.D., wa 
officially presented with his Life Member 
ship Certificate; George J. Schroepfe 
was nominated for the Fuller Award 
Nels F. Haagenson was given the Finc 
Award; and H. H. Behlmer was pre 
sented with the past-chairman pin. 

At the business meeting on Friday, th 
following officers were elected: chairma 
—M. D. Lubratovich, Duluth, Minn 
vice-chairman—A. T. Hanson, Siou 


(Continued on page96P&R) 
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Johnson Well Screen of Everdur 
being lowered into the new 4-mgd well 
at Plymouth, Mich. 


Big screen of EVERDUR 
serves new 4,000,000-gallon 
well in Plymouth, Mich. 


In developing a new source of water to meet 
growing community needs, Plymouth, Mich., 
more than doubled the capacity of its water 

stem with a single well capable of provid- 
ing 4,032,000 gallons per day. 

The new well is 110 feet deep, has an 18- 
inch casing, and a Johnson Everdur Well 
Screen 1614” in diameter by 32’, 114” long. 
Edward E. Johnson, Inc., St. Paul, Minn., 
fabricates tough, corrosion-resistant well 
screens from specially shaped Everdur 
wire and rod by a unique automatic weld- 
ing method. Johnson welded Everdur screens 
have proved their durability by years of serv- 
ice in large-capacity wells. 


@ Everdur® resists corrosion. Sewage-treat- 
ment and waterworks equipment of Everdur 
has been in service without replacement for 
20 years and longer. 


@ Everdur is tough. Everdur also possesses 
high mechanical strength and resistance to 
wear and abrasion—so that engineers can de- 
sign light-weight, wrought-metal equipment. 


© Everdur is readily fabricated. Alloys are 
available for hot or cold working, welding, 
free machining, forging, and casting — and 
can be obtained in plates, sheets, rods, bars, 
wire, tubes, electrical conduit, and casting 
ingots. 


@ Write for Publication E-11, “Everdur 
Copper-Silicon Alloys for Sewage Treatment 
and Waterworks Equipment”—or for techni- 
cal help in selecting the correct material for 
your job. Address: The American Brass 
Company, Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New Tor- 
onto, Ont. * 
*Reg. U. S. Pat. Off. 


EVERDUR crete 


STRONG - WORKABLE - WELDABLE - CORROSION-RESISTANT 
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SECTION MEETINGS 


PIPING LAYOUT 


*GEN-TIL-LY 

Gentile Flow Tubes are short. They need 
only minimum straight runs entering and 
following, and can be installed at prac- 
tically any accessible point where flow 
conditions are reasonably steady. 

Flow Tubes are furnished with individual 
head capacity curves- and for unusual 
piping arrangements, calibration curves 
for simulated conditions can be furnished. 


Accuracy *® Reproducibility 
Minimum Head Loss 


FOSTER ENGINEERING 
COMPANY 


835 LEHIGH AVENUE UNION, N. J. 


Guaranteed 
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Falls, S.D.; trustee—William Yegen, Bis- 
marck, N.D.; secretary-treasurer—Leon- 
ard N. Thompson, St. Paul, Minn.; and 
assistant secretary-treasurer—Carl Flack, 
St. Paul, Minn. The following resolu- 
tion was adopted: 

“Whereas a number of nuclear reactors 
are proposed for construction within the 
geographical limits of the North Central 
Section of the AWWA, and 

“Whereas the use of radioactive fuel in 
such plants may create a potential hazard 
to natural waters now being used by our 
communities or planned for future use as 
a source of water supply, be it 

“Resolved that the North Central Sec- 
tion of the AWWA establish a committee 
to study the problem, to acquaint them- 
selves with the exhaustive studies being 
carried out by the various regulating 
agencies involved in the development of 
safeguards against radioactive contamina- 
tion, and to present to these agencies 
recommendations for any further safe- 
guards they may deem necessary to insure 
the safety of our water supplies; and be 
it further 

“Resolved that copies of this resolution 
be forwarded to the AEC, the USPHS, 
the department of health in North Da- 
kota, South Dakota, and Minnesota, and 
the Secretary of the AWWA.” 

A total attendance of 136 was reported, 
plus 41 ladies who enjoyed a luncheon 
and style show, a tour of the city of 
Fargo, and a visit to television station 
WDAY. 

Leonarp N. THOMPSON 
Secretary-Treasurer 


Rocky Mountain Section: The 31st 
annual meeting of the Rocky Mountain 
Section was held at the La Fonda Hotel 
in Santa Fe, N.M., Sep. 24-25. The total 
registration was 152. The program com- 
mittee, under the chairmanship of V. A. 
Vaseen, Denver, Colo., had arranged for 
a most informative and interesting meet- 


(Continued on page 98 P&R) a 
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Into the ground 


After many years, K&M Pipe hasn't 
tuberculated, bore remains un- 
changed, and full flow continues. 


Old-fashioned pipe tuberculates 
over the years, requires higher 
pumping pressure, frequent 
cleaning. 


KeaM ASBESTOS CEMENT PIPE 


it's the modern pipe! Easy installation under 
any weather and ground conditions is just one 
of the advantages of K&M Asbestos-Cement 
Pipe. Other advantages: Permanently smooth 
non-tuberculating bore; non-corroding inner and 
outer surfaces; high resistance to electrolytic 
action; permanence of joint obtained quickly 
with exclusive K&M ‘“Fluid-Tite’’® Coupling. 
K&M Pressure Pipe meets A.W.W.A., 
A.S.T.M. and U.S. Federal Specifications, and 
has Underwriters’ Laboratories approval for all 
sizes (pipe and couplings) in Class 150. 
FOR GRAVITY SEWER SYSTEMS, K&M Sewer 
Pipe is the low-cost answer. ‘‘Fluid-Tite’’ Coup- 
ling makes permanent tight joint, prevents 
infiltration and root entrance. 
FOR HOUSE-TO-SEWER CONNECTION, K&M 
Building Sewer Pipe and 2-Step couplings round 
out the K&M family of asbestos-cement pipe. 
Get the whole story on the modern pipe from 
the K&M distributor. 


& 


KEASBEY & MATTISON Company © Ambler, Pennsylvania 
In Canada, it's ATLAS ASBESTOS CO.., Ltd., 5600 Hochelaga St., Montreal, P. Q. 
for “CENTURY” Pipe and “FLUID- aie Couplings 
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(Continued from page 96 P&R) 


President Merryfield is shown with 
Rocky Mountain Section Director Turre 
(left) and Secretary Davis (right). 


ing. [A list of technical papers presented 


will appear in the December issue. | 

The meeting was opened with an ad- 
dress of welcome by Stanley J. Leland, 
director, New Mexico Health Dept. 
Chairman Barnes responded. At the busi- 
ness luncheon, the election of the follow- 
ing officers was announced: chairman— 
W. F. Turney, of W. F. Turney & Assoc., 
Santa Fe, N.M.; vice-chairman—Ray 
Nixon, of Colorado Springs, Colo., Water 
Dist. ; secretary-treasurer—V. A. Vaseen, 
of Ripple & Howe, Denver; director—J. 
Orville Jones, water works superintend- 
ent, Pueblo, Colo. The following trus- 
tees were named to fill unexpired terms: 
Roel K. Stratton, superintendent of pub- 
lic utilities, Casper, Wyo., and S. J. 
Joseph, general manager, Northwest Utili- 
ties Co., Thornton, Colo.; the following 
trustees were named for 3-year terms: 
Simon F. Elliott, consulting engineer, 
Pueblo, Colo., and Robert P. Lowe, State 
Dept. of Public Health, Santa Fe, N.M. 

The ladies were royally 
under the chairmanship of Mrs. 


Indian dancers from Taos, N.M., enter- 
tain at Rocky Mountain Section annual 
banquet. 


AS 


ney, Caldwell, and Sanborn. A bus trip 
to the Atomic City, Los Alamos, with 
luncheon at the lodge and a tour of Indian 
villages, made an enjoyable day of Tues- 
day. On Wednesday, the ladies were en- 
tertained by the Santa Fe Garden Club, 
including a tour of the homes in Santa 
Fe and a marvelous tea. 

The 3lst Annual Banquet was held in 
the main dining room of the La Fonda 
Hotel with 151 in attendance. George 
Turre was presented with a Life Member- 
ship Certificate and received a standing 
ovation from his fellow members in recog- 
nition of his contributions to the Section. 
The entertainment consisted of dinner 
music by a very fine string orchestra from 
the Santa Fe High School and the Mexi- 
can Trio from the La Fonda Hotel, and 
was highlighted by the Indian Hoop 
Dancers of Taos. 

The convention closed with the feeling 
that it was one of the most successful and 
enjoyable meetings in the Section’s 31- 


year existence. 
Jack W. Davis 


Eaton, ably assisted by the Missuses 


Secretary-Treasurer 
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YOU 


WHEN THE FIRST HYDRO-TITE JOINTS 
j& WERE BEING POURED - 


(POWDER) 


For over 40 years HYDRO-TITE has been faith- 
fully serving water works men everywhere. Self- 
caulking, self-sealing, easy-to-use. Costs about 
1/5 as much as lead joints. Packed in 100 Ib. 
moisture-proof bags. 


(LITTLEPIGS) 


pRO- TITES 


(LITTLEPIGS) 


The same dependable compound in solid form 
—packed in 50 Ib. cartons—2 litters of pigs 
to the box—24 easy-to-handle Littlepigs. 
Easier to ship, handle and store. 


 FIBREX 
(REELS) 


sanitary, bacteria-free joint 
Easier to use than jute and costs 

about half as much. Insures sterile 

mains and tight joints. 
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Unless you check these 7 vital points, you won't be sure 
‘you’ re getting the controller that meets all your requirements 


All controllers claim to fill your ma- 
jor requirements: 


(1) hold flow at desired rate 


(2) operate over wide ranges with 
low error 


(3) maintain rate automatically 


But the vital features outlined her 
determine whether or not you hav 
selected the one type that gives yor 
complete filter control. 


RATE OF FLOW 


1. DIRECT ACTING 


Some controllers require pneumatic 

or electric positioners to hold the — 
desired rate. When power fails, fil- 
ters run away. But all power can 7 
fail and the direct-acting se) 


2. ACCURACY TO END POINT 


Getting the longest filter run re- 
- quires the most critical accuracy 

near the end point. That’s where 

other controllers fail by fluctuating 

widely. For comparison, see above 

straight-line accuracy of Simplex 
_ Type S Controller. 


Type S Controller (cutaway above) 
still keeps rate uniform. 


_ 3. PRESSURE LOSS 4. TOTAL INSTALLED COST 


In other controllers, plates and seats 


obstruct flow. Above cutaway view — 


» 


of Simplex Controller shows absence 
of obstructions. Its patented guillo- 
tine valve provides the full-line 
opening that gives you low pressure- 
loss (under 1’ at maximum flow) 


Other controllers require expensive 
extras: straight pipe ahead of, or 
after, the unit; special pneumatic or 

electric positioners; additional wir- 

ing. In contrast, the Simplex Type S 

Controller is a complete, self-con- 

tained unit. 
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iter rate controller 


SPACE REQUIREMENTS 6. MAINTENANCE COST 
ontrollers that require straight If used as controllers, ordinary 
valves require additional position- 
ers—pneumatic or electric. Results: 
more moving parts; more wear; 
iameters long, fit anywhere, hori- Fr reater maintenance costs. Simplex 
ontally or vertically, and eliminate ype S Controller is self-contained, 
idden cost of straight pipe runs. operates without these extras, re- 
quires virtually no maintenance. — 


iu GET THE FACTS ON 
SIMPLEX TYPE CONTROLLERS, TODAY! 
J». SEND FOR FREE TECHNICAL BULLETIN 900 
s 
® 
SIMPLEX 


VALVE AND METER COMPANY 
A SUBSIDIARY OF PFAUDLER PERMUTIT INC. 
Venturi Tubes + Flumes + Meters + Gauges 


Simplex Valve & Meter Co., Dept. JA-11 

7 East Orange St., Lancaster, Pa. 
PROVEN PERFORMANCE Please send me new Bulletin 900. 
o help you select the best control- 


pr, check with the men who run 


lter plants. Ask for their experi- NAME. 


ADDRESS. 
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AMERICAN 
WATER WORKS 
ASSOCIATION 


NEW MEMBERS 
Applications received Sep. 1-30, 1957 


Hoosier Wa- 
Ind. 


Adams, George, Mar., 
ter Co., Inc., Mooresville, 
(Oct. MPD 

Ahles, Eldon Paul, Chief Oper., 
Water Filtration Plant, 26555 W. 
Huron Dr., Flat Rock, Mich. 
(Oct. ’57) ri 

Alexander, R. J.; 
County (Mich.) Dept. 
Works 

Anderson, 


see Oakland 
of Public 


Burdine, Water Supt., 
Colville, Wash. (Oct. 57) MR 
Arfaras, Paul Nichols, Pres., 
Ridge Soft Water Service, 408 
—3rd St., S.W., Winter Haven, 

Fla. (Oct. ’57) 

Baker, John C., Salesman, Thomp- 
son Hayward Chem. Co., 909— 
&., S., 
(Oct. ’57) P 

Barning, David Lee, 
Barning Indus. Chems., 
Igleheart Ave., Evansville, 
(Oct. ’57) 

Beatty, J. P; see The K. Kessler 
Co., Inc. 


Beeman, 


Vice-Pres., 
Inc., 3109 
Ind. 


Edward R., Corrosion 
Engr., Harco Corp., Box 7026, 
Cleveland, Ohio (Oct. ’57) RD 

Bell, Ralph, Supt., Water Dept., 
Hartford City, Ind. (Oct. ’57) 


Bright, Walter C., Supt. g Utili- 
ties, Gas City, Ind. (Oct. ’57) 
Brown, Richard M., Owner, Culli- 
gan Soft Water Service, Box K-291, 
Holly Hill, Fla. (Oct. ’57) P 
Buercklin, Marion A., Field Cons., 
Curtis E. Montrey & Assoc., Box 
6005, Tulsa, Okla. (Oct. ’57) P 
Buffalo om Water Admin. 
Bd., O. K. C. Mang, Plant Supt., 
City Engrs. Dept., Regina, Sask. 

(Corp. M. Oct. 57) 

Burde, Frank R., San. Engr., Sales, | 
Dravo Corp., 19 Rector St. New 
York, N.Y. (Oct. 57) MP 


Butler, Ian, Project Engr., Proctor 
& Redfern, 11 Jordan St., 
Ont. (Oct. ’57) 

Caldwell, W. E., Co., G. H. Dun- 
can Jr., Sales Engr., 
deis Ave., Louisville 8, Ky. (As- 
soc. M. Oct. ’57) 

California Brass Mfg. Co., Mar- 
vin P. McCollum, Development & 
Research Engr., 1447 Naud St., 
Los Angeles 12, Calif. (Assoc. M. 
Oct. ’57) 


Minneapolis 15, Minn. | 


| Dooley, = 


Toronto, | 


200 E. Bran- | 


NEW MEMBERS 


Callander, Dillman, Water Works 
Foreman, 302 N. Madson St., Nap- 
panee, Ind. (Oct. ’57) 

Cameron, Munro McKinlay, 
Engr., DeLaval Steam Turbine Co., 
227—7th Ave. E., Calgary, Alta. 
(Oct. ’°57) D 

Carlson, Carl H., Partner, Flint 
Surveying & Eng., Co., 2320 Lip- 
pincott, Flint, Mich. (Oct. ’57) PD 

Clapsaddle, Jack L., Partner, Col- 
lins, Thompson, Willis & Clapsad- 
dle, 105 Westwood Dr., Marshall- 
town, (Oct. '57) RPD 

Clark, Thomas A., Chem. Engr., 
Minnesota Mining & Mfg. Co., 
Bldg. 207-1, 900 Bush Ave., St. 
Paul 6, Minn. (Oct. ’57) P 

Collier, Kine J., Jr., Salesman, 
Arkhola Sand & Gravel Co., 323 
Merchant Bank Bldg., Fort Smith, 
Ark. (Oct. ’57) P 

Collins, Curtis J., Supt., Water 
Dept., 811 N. Range Line Rd., 
Carmel, Ind. (Oct. °57) MPD 

Comeaux, Edric Joseph, Sales 
Engr., Rockwell Mfg. Co., Box 
2126, Houston, Tex. (Oct. ’57) D 

Corbell, Otis Dean, Office Mer., 
Water Dept., Court House Bldg., 
Fort Smith, Ark. (Oct. °57) MD 

Cosby, Ira D., Salesman, P.B.&S. 
Chem Co., Henderson, Ky. (Oct. 
RPD 

Creston City Water Works, J. 
Bernard Russell, Mgr., 103 E 
Montgomery St., Creston, Iowa 
(Munic. Sv. Sub. Oct. ’°57) MPD 

Curry, Curtis C., Contractor, Curry 
Const. & Supply Co., 413 S. Wash- 
ington St., Bloomington, Ind. (Oct. 
57) D 

Dahl, W. Robert, Civ. Engr., 
Centriline Corp., 140 Cedar St., 
New York 6, N.Y. (Oct. ’57) MD 

Dale, Jack E., Supt., Water Dept., 
Linton, Ind. (Oct. 37 ) 

Davis, Louis Eugene, Asst. 
Milford, N.J. 
*S7) 

Dean, pl Jackson, Engr., Dean 
Eng. Co., 11, N. Rosewood Dr., 
Albany, Ga. (ct. PD 

Decker, Walter G., Supt., Munic. 
Utilities, Box 128, Lawrenceburg, 
Ind. (Oct. ’57) 

de Lisle, Kenneth R., Assoc. Engr., 
Benjamin L. Smith & Assocs., 11 
N. Pearl St., Albany 7, N.Y. (Oct. 


Supt., 
(Oct. 


Deo, Morris B., Sr. Assoc. Engr., 
Dept. of Water Supply, Detroit, 
Mich. (Oct. '57) MPD 

Donze, Martin C.; see Philadel- 
phia Gear Works, Inc. 

Sales Supervisor, 
Rockwell Mfg. Co., Box 
Houston, Tex. (Oct. ’57) 

Dow Chem. Co., The, Louisiana 
Div., T. E. Pounds, Gen. Supt., 
Power & Utilities Dept., Box 389, 
Baton Rouge, La. (Corp. M. Oct. 
57) RPD 

Drabenstot, Paul E., Dist. Supt., 
Water Dept., Huntington, Ind. 
(Oct. 

Dula, Harry L., Supt., Water 
Works Dist. 1, Box 521, Lafayette, 
La. (Oct. ’57) MPD 
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Duncan, G. H., Jr.; see W. E. 
Caldwell Co. 
Edwards, John 
Engr., Box 10421, 
(Oct. ’57) PD 
Egby, Harvey, Supt., Water Dept., 

Berne, Ind. (Oct. ’57) MPD 

El-Naggar, A. Sami, Eng. Faculty, 
Univ. of Alexandria, Alexandria, 
Egypt (Jan. ’57) 

Emerick, Clarence E., Chief Lab. 
Tech., Water Dept., 1106—Ist St., 
Lorain, Ohio (Oct. ’57) P 

Escondido, City of, Charles L. 
Larrick, City Engr., 100 Valley 
Blvd., Escondido, Calif. (Corp. M. 
Oct. ’57) MRPD 


Fensten, Harvey Charles, 

., Ripple & Howe, Inc., 
23rd St., Denver, Colo. (Oct. 

PD 

Ferguson, Lloyd W., Filter Plant 
Supt., Westminster, Colo. (Oct. 
57) RPD 

Ferraro, Louis, Foreman, 
Dept., 827 S. Bend Ave., 
Bend, Ind. (Oct. ’57) 

Findley, William H.; 
Sutherlin (Ore.) 


Floeck, James H., Sales Engr., 
Burgess-Manning Co., 749 E. Park 
Ave., Libertyville, Ill. (Oct. ’°57) P 

Folke, Gordon W., San. Engr., 
State Bd. of Health, Box 210, 
Jacksonville, Fla. (Oct. ’°57) MRP 

Foulke, Charles L., Cons. Engr., 
Foulke, Crist & Brodie, Box 2005, 
San Bernardino, Calif. (Oct. ’57) 
MRPD 


Furman, Benjamin, Cons. 
127 Beech St., 
M 

Garberville Water Co., Inc., Fred 
Hurlbutt, Secy.-Treas., Garberville, 
Calif. (Corp. M. Oct. ’57) 

Gillespie, J. Robert, Gen. Super- 
visor, Power & Fuel Engr., Geneva 
Works, U.S. Steel, Box 510, Provo, 
Utah (Oct. ’57) 

Govindaiah, Menta, Asst. Engr., Of- 
fice of the Chief Engr., Hyderabad 
4, South India (Oct. ’57) PD 

Grant, Joe Lee, Supt., Canal & 
Waterworks, Augusta, Ga. (Oct. 
57) MPD 

Guthrie, Robert H., Cons. 
Guthrie & Lyon, Waukesha, 
(Oct. ’57, RD 

Haber, J. P., Sr., Supt., 
Dept., Union City, Ind. (Oct. 

Haller, Ray Carl, 

Couch Co., Inc., 2: 
Indianapolis, Ind. (Oct. 57) RP 

Hardy, Bruce Allan, Engr., Horner 
& Shifrin, 803 Shell Bldg., St. 
Louis, Mo. (Oct. ’57) PD 

Hawkins, Kenneth H., 
Salesman, Harry Alter & Sons, 
S. Howell St., Davenport, 
(Oct. ’57) R 

Heacox, Roland E., Chief Water 
Plant Oper., Bureau of Water, City 
Hall, Troy, N.Y. (Oct. ’57) 

Hill, Dale G., Accountant, 
Dept., Estes Park, Colo. (Oct. 
MR 


Andrews, Cons. 
Raleigh, N.C. 


Civ. 
833 
57) 


Water 
South 


see City of 


Engr., 
Kearney, N.J. (Oct 


Engr., 
Wis. 


Water 


Pump 
514 


Iowa 


Water 
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Motor Operated 
Stand with Integral 
Control Equipment 


Power actuation is available as a complete carefully en- 
gineered unit. Actuation may be by electric motor, air 
motor, or air or fluid cylinder type motivation. The 
power unit is compact and self contained, with sturdy 
supports which attach to the top of any Ludlow Valve. 

Manual operation is provided for all electric and air 
motor operated valves. Our engineers will be glad to 
help you lay out a plan based on the many years of 
Ludlow experience in power actuation systems of all 
kinds for all purposes. 


“NO POSSIBLE DIFFERENCE IN FIRST COST CAN 
OVERBALANCE THE PERPETUAL ECONOMY OF QUALITY.” 


THE VALVE MANUFACTURING CO. Troy, N.Y 
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iene Richard Buchanan, | 


Public Utility Map Director, San- | 


born Map Co., 10 Cedar St., New 
York 5, N.Y. (Oct. 57) D 

Hollifield, Elige Jim, Sr., Pres., 
Hollifield Water Works Machinery 
Co., Inc., 2612 Midway St., Shreve- 
port, La. (Oct. ’57) D 

Holmes, John W., Sales Engr., 
Byron Jackson Div., Borg Warner 
Corp., 407 S. Dearborn, Chicago 5, 
Ill. (Oct. ’57) R 


Hornback, Russell L., Contractor, 


Montrello, Ind. (Oct. ’57) D 
Horton, Morris C.; 
Prevention & Eng. Bureau 
Horwitz, Morris M., Salesman, 
3718 N. Pine Grove Ave., Chi- 
cago 13, Ill. (Oct. ’57) P 
Hufft, Raymond J., Jr., Chief 
Hemco Engrs., 414 Falls 
Tenn. (Oct. ’57) 


Hurlbutt, Fred; 
Water Co., Inc. 

Jackson, Frederick Neil, 
Mer., City Hall, Alpena, 
(Oct. ’57) 

Jennings, Charles H., Gen. Engr., 
Sewer Operation Branch, Dist. San. 
Eng., 2nd & N Sts., S.E., 
i . C. (Oct. 57) MR 

Jester, Carl Franklin, Jr., Asst. 
City Engr., Fredericksburg, Va. 
(Oct. ’°57) MPD 


City 
Mich. 


see Texas Fire | 


see Garberville 


Wash- | 


NEW MEMBERS 


Johnson, Charles R., Sales Repr., 
Victaulic Co. of America, 292 

| Canoler St., N.E., Altanta 7, Ga. 
(Oct. 

Harry M., 1200 W. 

, Anaconda, Mont. (Oct. ’57) 

Herbert E., Engr., Jen- 
sen Johnson, 108 Court St., 
Elkhorn, Wis. (Oct. ’57) 

Johnson, James 
Munic. Utilities 
bertville, Ala. (Oct. ’°57) MPD 

| Jones, Wallace W., Supt., Munic. 

Water Works, Box 27, Brooklyn, 

| Ind. (Oct. ’57) M 

| Jordan, Earl, Water Supt., Water 
Dept., Wolcottville, Ind. (Oct. ’57) 

Kessler, The K., Co., Ine., J. P. 
Beatty, Pres., 410 S. Front St., 
Fremont, Ohio (Assoc. M. Oct. ’57) 

Klecker, Edward J., Business 
Mgr., 
Pontiac St., 
57) 

Knepper, Keith L., Supt., Light & 
Water, Walkerton, Ind. (Oct. °57) 

Larrick, Charles L.; see City of 
Escondido (Calif.) 

Lastovica, John F., Field Engr., 
Fairbanks Morse & Co., 2017 Dean, 
Des Moines, Iowa (Oct. ’57) D 

Leavell, Manley B., Repr., Hersey 
1% Co., Dedham, Mass. (Oct. 


3rd 


Bd., Box 30, Al- 


Denver 7, Colo. (Oct. 
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William, Mer., 


Bd. of Water Comrs., 2510 | 
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| Legakes, Peter J., City Clerk, Box 
Woodlake, Calif. (Oct. 


Lichty, Donald Sherwood, 
Bureau of Water, Allentown, Pa. 

| (Oct. RD 

Liebler, Newell J., Sales Repr., 
Johns-Manville Sales Corp., 220 
Delaware Ave., Buffalo 2, N.Y. 
(Oct. ’57) D 

Listebarger, Isaac G., Sales Engr., 
Rockwell Mfg. Co., 390 N. Lex- 
ington Ave., Pittsburgh 8, Pa. 
(Oct. 

Livingston, Walter, Mgr., Hoosier 

| Water Co., Inc., Spencer, Ind. (Oct. 
MPD 

Logsdon, Horace T., Supt., Water 
ro Fort Knox, Ky. (Oct. ’57) 
MRP 


Logsdon, Marvin L., Supt., Hardin 
County Water Dist. 1, 308 N. Wil- 
= Ave., Radcliff, Ky. (Oct. ’57) 


Long, Merle J., Salesman, Kennedy 
Valve Mig. Co., 3650 Lesley Ave., 
Indianapolis, Ind. (Oct. ’57) PD 

Lusk, George K., Supt. of High- 
ways, Bldg. Dept., & Water Works, 
3235 Chili Ave., Churchville, N.Y. 
(Oct. MRPD 

Lyneb, Vernon E., Dorr-Oliver, 

| Inc., 942 Merchandise Mart, Chi- 
cago, Ill. (Oct. ’57) P 


THE G-A SHOCK-TAMER TWINS 


Fig. 66-D Bulletin W-2 
SURGE RELIEF VALVE 


Fig. 174-D Bulletin W-10 
ELECTRIC CHECK VALVE 


The G-A Cushioned Surge Relief Valve protects water 
lines against excessive surges in the system by auto- 
matically opening when the inlet pressure exceeds @ 


Check Valve 
Service without 
Hammer or Shock 


predetermined setting. 


The G-A Double Cushioned Electric Check Valve 
effectively prevents surge by opening only when pump 
comes up to speed, closing automatically with pu 

running and shutting down pump when 95% dowk. 


GOLDEN-ANDERSON VALVE SPECIALTY COMPANY 
1221 Ridge Avenue * Pittsburgh 33, Pa. 
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mixing, — sludge concentration, clarification & softening 


The relatively hard, turbid Rocky River 
supply for the city of Berea, Ohio, is 
quickly reduced in hardness to approxi- 
mately 3.5 gr/gal and to a turbidity of 
less than 10 ppm by the Cochrane Solids- 
Contact Reactor shown above. An exist- 
ing concrete basin 28’ square x 15’ deep 
was modernized by conversion to the 
Solids-Contact type. Using hydrated 
lime, soda ash and alum, the Reactor 
treats over 2,000,000 gpd at surprisingly 
low cost. 

Because the design of the Cochrane 
Reactor provides higher quality treated 
water faster, in less space, with minimum 


ATI OC N 
3124 N. 17TH STREET, PHILADELPHIA 32, PA. 
NEW YORK PHILADELPHIA CHICAGO 


Representatives in 30 principal cities in U.S.; Toronto, 
Canada; Paris, France; Mexico City, Mexico; La Spezia, 
Italy; Havana, Cuba; Caracas, Venezuela; San Juan, 
Puerto Rico; Honolulu, Hawaii; Malmo, Sweden; Santiago, 
Chile. Pottstown Metal Products Division—Custom built 
carbon steel ond alloy products. 


Deminersiizers + Hot Process Softeners «+ 
Deeersters + Continvows Blewo# 


Hot Zeolite Softeners «+ 
Condensate Return Systems 


chemicals, their use has grown tremen- 
dously for municipal applications. High 
slurry strength in the reaction zone 
speeds precipitation—there is very little 
waste water. Automatic desludging saves 
time and labor. In addition to softening 
and clarification, Cochrane Reactors re- 
move color, taste, odor; reduce alkalin- 
ity, silica, fluorides, etc. 

Cochrane’s background in water con- 
ditioning makes possible the installation 
of complete systems under a single re- 
sponsibility for continued, consistent 
performance. Write for Publication 
5001-A and case history reprints. 


Cochrane also manufactures circular reactors 


Decikalizers * Reactors 
SpecioBies 


J gr = 
4 
U j 
CITY OF BEREA, OHIO 
New Cochrane SOLIDS-CONTACT REACTOR 


‘Malan, O. J., Supt., 


NEW MEMBERS 


108 


(Continued from page 106 P&R) 


Meyer, Chris W., Supt., Water | 
Dept., New Haven, Ind. P(Oct. 57) | 

Miller, Henry E., Jr., Sales Repr., 
Hays Mfg. Co., Box 2121, Spring- 
field, Mo. (Oct. ’5 

Milner, Andrew Mayor, 
Hall, Kendallville, Ind. (Oct. 


MaecWhinney, Sedgwick Rusling, 

Salesman, Keasbey & Mattison Co., | 

Ambler, Pa. (Oct. ’57) D 

Maddox, Glenn M., Const. 
Water Dept., 2515 Elk St., 
ette, Ind. (Oct. ’57) 

Madigan, James A., Pumper, Ir- 
rigation Dist., 738 Magnolia Ave., 
Beaumont, Calif. (Oct. ’°57) PD 

Brown County | 
State Park, Nashville, Ind. (Oct. 
MRPD 

Mang, O. K. C.; see Buffalo Pound 
Water Admin. Bd. 

Mankin, Charles S., Comr., City 
bg Fort Smith, Ark. (Oct. ’57) 


Hanley, Supt., Water | 

Dept., 426 W. Ist St., Greensburg, 
Ind. (Oct. ’°57) RPD 

Massara, Bernard J., Supt., 
Dept., 12th St., Hammonton, 
(Oct. ’57) MD 

-MeUlure, Harold R., Civ. Engr., 
McClure Eng. Co., 2360 LS 
Lane, Dayton, Ohio (Oct. 


Supt., 
Lafay- 


Mount Pleasant Light & Water, 

W. Wright, City Mgr., W. Mon- | 
roe, Mount Pleasant, lowa (Munic. | 
Sv. Sub. Oct. 57) MD 

Nelson, Grant E., Sales Repr., 
Eddy Valve Co., Waterford, N.Y. 
(Oct. ’57) D 

Nelson, Leonard E., Cons. Engr., 
7509—I1st Ave., S., Minneapolis 
23, Minn. (Oct. ’°57) RD 

Newman, J. Leonard, Accountant 
Suffolk County Water Authority, 
140 Orinoco Dr., Brightwaters, N.Y. 
(Oct. M 

Nielsen, Norman Stanley, Civ. 
Engr., Hackensack Water Co., 4100 
Park Ave., Weehawken, N.J. (Oct. 
57) MR 

Noll, W. J., Jr., Regional Sales 
Repr., Adams Pipe Repair Prod- 
550, Columbia, Pa. (Oct. 
7) 


Marlin, 


Water 
N.J. 


A Marvin P.; see Cali- 
fornia Brass Mfg. Co. 

Meehan, Daniel W., Sr., Gen. 
Foreman, Water Works, 2414 Clara 
Ave., Fort Wayne, Ind. (Oct. ’57) 


Northington, Charles W., Asst. 
San. Engr., Bureau of Sanitation, 
State Health Dept., Montgomery, 
Ala. (Oct. ’57) 
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Oakland County Dept. of Public 
Works, R. J. Alexander, Deputy 
Director, 550 S. Telegraph Rd., 
Pontiac, Mich. (Munic. Sv. Sub. 
Oct. ’57) MRD 


O’Brien, Walter, Salesman, Ulrich 
Chem. Inc., 2640 W. Minnesota, 
Indianapolis 21, Ind. (Oct. °57) 


Pearce, Cecil Edward, Civ. Engr., 
Ebasco Services, Inc., 2 Rector 
. New York 6, N.Y. (Oct ’57) 


| Philadelphia Gear Works, Inc., 
Martin C. Donze, Vice-Pres., G St. 
below Erie A., Philadelphia 34, Pa. 
(Assoc. M. Oct. 


Pillow, Raymond Eugene, Mgr., 
Water Dept., 124 Kirk Ave., S.W., 
Roanoke, Va. (Oct. ’°57) MR 


Pounds, T. E.; see The Dow Chem. 
Co., Louisian Div. 

Przybysz, Eugene S8., Assoc. Chem. 
Engr., Armour Research Founda- 
tion, 3131 S. State St., 
Ill. (Oct. P 

Rhodes, M. M., Chief 
Standard Oil Co. of 
Western Operations, Inc., 
El Segundo, Calif. (Oct. 

Richards, Ernest, Supt., 
Works, Edinburg, Ind. (Oct. 


Chicago, 


Chemist, 
California, 
Box 97, 
RP 
Water 


on 


METER REPAIRS 


with 


Memphis Slot Inserts and new 
thrust rollers, for 5/8’’-2’’ water 
meters 


Stainless steel disc sleeves, for 
11/2” and 2” water meters, and 


Twist-On Covers, for 5/8’ water 


! 
meters! 4 


For further information and free 
samples, address 


METER SPECIALTY CO. 


WRITE TODAY 


108 PAGE CATALOG 
W.S. DARLEY & CO. Chicago 12 


W. $. DARLEY & CO. 


Chicage 12, Iliseis 


For 


Sterick Bidg. Memphie 3. Tenn. 


comet 


SAVE MONEY 
we = 
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The Water Filtration and 
Softening Plant at St. Cloud, 
Minnesota,—one of the most 
modern in the country—went 
into service this June. (Consult- 
ing Engineers, Consoer, Town- 
send & Associates; Mechanical 
Contractor, George Bass Con- 
struction Co.; General Construc- 
tion, Western-Knapp Eng. Co.; 
City Engineer, Richard Teague.) 

At the right, Mayor George 

Byers and Superintendent Fred 

G. Thielman open a DeZurik 

Valve to admit water from the 

new plant into the city’s mains. DeZurik Valves are installed throughout 
St. Cloud’s new plant. Here’s what 


FRED THIELMAN, SUPERINTENDENT, SAYS: | 


“In going over the specifications for the 
plant, we found that DeZurik Valves 
fitted the ‘specs’ in most cases — exceed- 
ed them in many! Since we've been in 
operation, our men have nothing but 
praise for these valves. They have given 
excellent results wherever they've been 
installed — especially the automatic units 

en flow control and those on backwash 
services. We're completely satisfied with 
them in every respect!” . 


DeZurik Valves are avail- 
able in sizes 1/2” thru DeZuURIK 
20”. Representatives in 


all principal cities. Or CORPORATION 1 


for more details write to SARTELL, MINNESOTA 


Vow. 1957 
“DeZ A |" 
ic 
eZURIK VALVES EXCEL! 
b. 
ch 
a, 
4 
de 
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Ring, Chester A., Asst. 
Engr., American Water Works Serv- 
ice Co., Inc., 3 Penn Center Plaza, 
Philadelphia 2, Pa. (Oct. 57) MD 


Ritter, Anderson B., Asst. Direc- 


tor, Eng. Div., State Health Dept., | 


Box 630, New Orleans 7, La. (Oct. 
57) RPD 

Robertson, William 
Water, Sewer & Light, 
(Oct. °57) M 

Rockland County Dept. of 
Health, G. Richard Sutherland, 
Director, Div. of Environmental 
Sanitation, New York, N.Y. (Corp. 
M. Oct. ’57) RP 

Rogers, Algie D., Purchasing Agent, 
Water Dept., Marion, Ind. (Oct. 
57) 

Ross, Edward Noble, Plant Engr., 
Lee Paper Co., Vicksburg, Mich. 
(Oct. P 

Roth, Russell G., Supt., Public 
Works, Plainfield, Ind. (Oct. ’57) 
MRPD 

Ruby, Kenneth W., Chemist, Wa- 
ter Dept., City Hall, Oskaloosa, 
Iowa (Oct. ’57) P 


B., Comr., 
Aurora, Ill. 


Russell, J. Bernard; see Creston | 


City (Iowa) Water Works 
Saunders, Scott P., Sales Engr., 
Penn Instruments Div., Burgess- 
Manning Co., 4110 Haverford Ave., 
Philadelphia, Pa. (Oct. ’°57) PD 


Schmidt, Victor R., Jr., Supt. of 


Dist., Water Dept., Box 1160, Aus- 
tin, Tex. (Oct. ’57) 

Schrock, Paul Richard, Salesman, 
Harco Corp., Box 7026, Cleveland 
28, Ohio (Oct. ’57) 

Sears, Earl, Supt., Water Works, 
Greenfield, Ind. (Oct. ’°57) D 


Sefranka, Ray E., Engr., State 
Flood Control & Water Resources | 
Com., 1330 W. Michigan St., In- 
dianapolis, Ind. (Oct. ’57) R 

Shepper, Harbin, Supt., Munic. 
Water Works, Donnellson, Iowa 
(Oct. ’°57) MRPD 

Siggins, Donald B., Supt., Water 
Works, Mount Vernon, Iowa (Oct. | 
MRD | 


Distr. | Silvasi, Anthony Albert, Chemist, 


Water Dept., 1638 Davis Ave., 
Whiting, Ind. (Oct. ’57) 

Sinkinson, George Kenneth, 
Branch Mgr., The Ludlow Valve 
Co., Inc., 11 W. 42nd St., New 
York 36, N.Y. (Oct. ’57) 

Skotzke, John, Field Foreman, 
Ecorse Twp., Wyandotte, Mich. 
(Oct. ’57) D 

Smith, Raymond Gilbert, Plant 
Oper., Booneville Water Co., 
Booneville, Ark. (Oct. ’57) PD 

Smith, Talbert E., Jr., Applica- 
tion Engr., Burford, Hall & Smith, 
Box 1339, Atlanta 1, Ga. (Oct. 
57) D 

Spiniello, Luke C.; see Spiniello 
Const. Co. 


Spiniello Const. Co., Luke C. 
Spiniello, Pres., 249 Wallace St., 
Orange, N.J. (Assoc. M. Oct. ’57) 

Standridge, James E., Gen. Mar., 
Water Dept., Box 189, Anniston, 
Ala. (Oct. ’57) MD 

Stanley, James Gordon, Sales 
Engr., Price Brothers Co., 1932 E. 
Monument Ave., Dayton, Ohio 
(Oct. °57) D 

Steffen, John A., Water Supt., 513 
N. Main St., Fortville, Ind. (Oct. 
57 


Stewart, Melbourne George, 
Engr., Dept. of Water Supply, 
Detroit, Mich. (Oct. ’57) MD 


| Sutherlin, City of, William H. 
Findley, Supt. of Public Works, 
Box 632, Sutherlin, Ore. (Munic. 
Sv. Sub. Oct. 57) PD 


| Tanner, Homer M., Tech. Service 
Engr., Ethyl Corp., Box 341, Baton 
Rouge 1, La. (Oct. ’57) RP 


Taylor, Malcolm E., Supt., Water 
Works, Galveston, Ind. (Oct. ’57) 
D 


Texas Fire Prevention & Eng. 
Bureau, Morris C. Horton, Asst. 
Chief Engr., 520 Mercantile Securi- 
ties Bldg., Dallas 1, Tex. (Corp. 
M. Oct. ’57) MRD 


Thomas, Alan, Supt., Water Dept., 
City Hall, Millvilie, N.J. (Oct. 

57) 

Visking Co., Div. of Union Car- 
bide Corp., Ray J. Whittington, 
Plant Chemist, Loudon Plant, Box 
486, Loudon, Tenn. (Corp. M. 
Oct. ’57) P 


Wait, Merlin, Mgr., Munic. Elec. 
& Water Plant, Coon Rapids, lowa 
(Oct. MRD 


Wasley, Henry Gerald, Asst. Mgr., 
American Cast Iron Pipe Co., 
Birmingham, Ala. (Oct. ’57) D 


Way, John H., Secy.-Treas., Mc- 
Caffrey-Way Materials & Supply 
Co., Inc., Albuquerque, N.M. (Oct. 
57) RD 


Stichler, Theodore, Utilities Supt., | 


Light & Water Dept., Argos, Ind. 
(Oct. ’57) 

Strachan, Michael, Field Engr., 
The Pitometer Assocs., Inc., 50 
Church St., New York 7, N.Y. 
(Oct. ’57) RD 


Suedkamp, John, Chem. Eng., 


Water Dept., Hamilton, Ohio (Oct. | 


MP 

Sullivan, Arthur Eugene, Clerk, 
Robert W. Sullivan, Inc., Mc- 
Carron & Sullivan Assoc., 45 New- 
bury St., Boston 16, Mass. (Oct. 
57) PD 

Sutherland, G. Richard; see Rock- 
land County (N.Y.) Dept. of 
Health 


Webster, Royal S. Walsh, Pres., 
Servicios Tarara S.A., Edif. Bacardi 
215, Havana, Cuba (Oct. ’57) M 


Whittington, Ray J.; see Visking 
Co., Div. of Union Carbide Corp. 

Williams, Charles T., Layne 
Northern Co., 227 W. Edwards 
Ave., Indianapolis, Ind. (Oct. ’57) 

Wilson, William, Supt., Water 
Works, Brownsburg, Ind. (Oct. ’57) 
MD 


Wiltsie, Ralph, Mayor, 115 S. 
Hart, Princeton, Ind. (Oct. ’57) 
Wright, G. W.; see Mount Pleas- 

ant (Iowa) Light & Water 


ties. 
al. 
1953 Journals. 


122 pages 


2 Park Avenue 


HOW WATER WORKS WORK 


may be learned from “A Survey of Opera- 
ting Data for Water Works in 1950"’—a 
comprehensive tabulation of rates, income, 
costs and other vital statistics for large utili- 


With statistical analysis by Seidel et 
Reprinted from June and December 


American Water Works Association 
New York 16, N. Y. 


$1.00 576 pages 


Survival and Retirement 


Experience With Water Works 


Containing vital information on the actual 
life of mains, valves, meters, services and 
other facilities in 26 cities, together with 56 
pages of summary tables that condense the 
data for easier interpretation. 


To AWWA members paying in advance: $2.40 


American Water Works Association 
2 Park Avenue 


Facilities 


$3.00 


New York 16, N. Y. 
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floc 
FERRIC SULFATE 


The Superior COAGULANT 
With The Plus FACTORS = 


@ Excellent taste and odor control 

@ Increased filter runs 

@ Coagulation over wide pH ranges 
@ Rapid floc formation @ Economy 
@Turbidity removal @ Color removal 
@ Manganese and Silical removal 

@ Bacteria removal 

@ Ease of Operation 


Ferri-Floc gives smoother, more efficient and trouble free opera- 
tion. Whatever your particular water treatment problem may be, 
you can depend on Ferri-Floc doing a superior job and doing it 
efficiently and economically—Ferri-Floc is a free flowing granular 
salt which can be fed with few modifications through any standard 
dry feed equipment. It is only mildly hygroscopic, thereby per- 
mitting easy handling as well as storage in closed hoppers over 
long periods of time. 


WATER TREATMENT SULFUR-DIOXIDE is effec- 


Efficient coagulation of surface or well waters. tively used for dechlorine- 
Aids taste and odor control—Effective in lime tion in water treatment 

as and to remove objection- 
sodo-ash 9 Pp to o' able odors remaining ofter 
nearly all industrial waters. purification. 


SEWAGE TREATMENT COPPER SULFATE will 
control about 90% of the 
em microorganisms normally 
wide Ph ranges—it provides efficient operation : : encountered in water treat- 
regardless of rapid variations of raw sewage ment plants more eco- 


and is effective conditioning sludge prior to dented 


Ferri-Floc coagulates woter and wastes over 


vacuum filtration or drying on sand beds. 


y Let us send you without charge, a 38-page 
FREE BOOKLET booklet that deals specifically with all phases of 


coagulation—just send us a postal card. 


SS 
TENNESSEE CORPORATION 


617-29 Grant Building, Atlanta, Georgia 


y 
e 
ferri- 


Activated Carbon: 
Industrial Chemical Sales Div. 
Permutit Co. 


Activated Silica Generators: 

Omega Machine Co. (Div., B-I-F 
Industries, Inc.) 

Wallace & Tiernan Inc. 


Aerators (Air Diffusers): 
American Well Works 
Carborundum Co. 

General Filter Co. 

Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 


Air Compressors: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Worthington Corp. 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Heavy 
Chemicals Dept. 

General Chemical Div. 

Ammonia, Anhydrous: 

General Chemical Div. 

John Wiley Jones Co. 

Ammonilators: 

Proportioneers, Inc. (Div., 
Industries, Inc.) 

Wallace & Tiernan Co., Inc. 

Ammonium Silicofluoride 

American Agricultural Chemical Co. 

Brass Goods: 

American Brass Co. 


B-I-F 


M. Greenberg’s Sons 
Hays Mfg. Co. 
Mueller Co. 


Brine-Making Equipment: 
International Salt Co., Inc. 


Calcium Hypochlorite: 
John Wiley Jones Co. 


Carbon Dioxide Generators: 
Infilco Inc. 
Walker Process Equipment, Inc. 


Cathodic Protection: 
Electro Rust-Proofing Corp. 


Cement Mortar Lining: 
Centriline Corp. 


Chemical Feed Apparatus: 

Cochrane Corp. 

Graver Water Conditioning Co. 

Infilco Inc. 

F. B. Leopold Co. 

Milton Roy Co. 

Omega Machine Co. (Div., 
Industries, Inc.) 

Permutit Co. 

Proportioneers, Inc. 
Industries, Inc.) 

Ross Valve Mfg. Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 


B-I-F 


(Div., B-I-F 


Chemists and Engineers: 
(See Professional Services) 
Chlorination Equipment: 
Builders-Providence, Inc. 
B-I-F Industries, Inc.) 


(Div., 


Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 

Wallace & Tiernan Inc. = 

Chlorine Comparators: 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 

Chlorine, Liquid: 

John Wiley Jones Co. 

Wallace & Tiernan Inc. 

Clamps and Sleeves, Pipe: 

James B. Clow & Sons é 

Dresser Mfg. Div. 

M. Greenberg’s Sons 

Mueller Co. 

Rensselaer Valve 

A. P. Smith Mfg. 

Trinity Valley dl . Steel Co. 


Clamps, Bell Joint: 

James B. Clow & Sons 

Dresser Mfg Div. 

Clamps, Pipe Repair: 
James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co. 
Clarifiers: 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

Etablissements Degremont 
General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 


KLETT SUMMERSON 


ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 

Can be used for any de- 

termination in which color 

or turbidity can be devel- 

oped in proportion to sub- 

stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 


ADVERTISERS’ PRODUCTS Vol. 49, No. 11 
Index of Aduertisers’ Products 
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Orlando, Horida Water Treatment Plant includes three Walker 
Process Clariflows for lime softening as well as algae and color 
removal. The unit in the foreground, completed in 1954, in- 
creases the plant capacity to 24 MGD. The two original Clari- 
flows were installed in 1949. Each unit is 56° square x 17’ deep. 


ORLANDO, 
FLORIDA 


Consulting Chemists & 
Engineers — 

Black & Assoc. 

Gainesville, Fla. 


Gen’l. Mgr. — Orlando 


Orlando Water Dept.— 


| Utilities Commission — 

Mr. C. H. Stanton, Mgr. 
Mr. L. L. Garrett 


The Clariflow’ combines flocculation, good fluid mechanics and clarification in a rel- — 
atively smal] tank. Mixing, flocculation, stilling and sedimentation are independently 
operated and controlled. The positive control of flocculation and clarification enables 
the operator to readily select the most economical method of operation when handling 
changeable water conditions. 


Short circuiting tendencies are eliminated by means of exclusive multiple, tangential 
diffusers which simultaneously and equally distribute the flow. Balanced multiple 
surface weir troughs make efficient use of short detention periods and insure clarified 
overflows. 


The Clariflow is applicable wherever there is a municipal or industrial need for . 
water or waste treatment. It can be used in all operations including combined intimate 
chemical homogenizing, flocculation‘ and clarification in rectangular, square or circular 
basins. The Clariflow gives excellent results in the treatment of municipal and indus- 
trial water for—softening ‘turbidity removal—color removal—algae removal. Indus- 
trially it is universally used in—oil separation and emulsion breaking plante—blast _ 
furnace flue dust thickening—paper stock reclamation. 7 


W rite for bulletin 6W 46. ss 


WALKER PROCESS EQUIPMENT INC. 
FACTORY—ENGINEERING OFFICES—LABORATORY 
AURORA, ILLINOIS 


114 P&R 


Condensers: 
Allis-Chalmers Mfg. Co. 
United States Pipe & Foundry Co. 


Contractors, Water Supply: 
Layne & Bowler, Inc. 


Controllers, Liquid Level, 
Rate of Flow: 

Builders-Providence, Inc. (Div., 
B-I F Industries, Inc.) 

Foxboro Co. 

General Filter Co. 

Infilco Inc. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 


Copper Sheets: 
American Brass Co. 


Copper Sulfate: 
General Chemical Div. 
Tennessee Corp. 


Corrosion Control: 
Calgon Co. 
Philadelphia Quartz Co. 


Couplings, Flexible: 
DeLaval Steam Turbine Co. 
Dresser Mfg. Div. 


Diaphragms, Pump: 
Dorr-Oliver Inc. 


Engines, Hydraulic: 
Ross Valve Mfg. Co. 


Engineers and Chemists: 
(See Professional Services) 


Feedwater Treatment: 

Allis-Chalmers Mfg. Co. 

Calgon Co. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. 
Industries, Inc.) 


Ferric Sulfate: 
Tennessee Corp. 


Filter Materials: 
Anthracite Equipment Corp. 
Carborundum Co. 

Dicalite Div. 

General Filter Co. 

Infilco Inc. 

Johns-Manville Corp. 
Northern Gravel Co. 
Permutit Co. 


(Div., B-I-F 


Filters, incl. Feedwater: 

Cochrane Corp. 

Dorr-Oliver Inc. 

Etablissements Degremont 

Graver Water Conditioning Co. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. (Div., 
Industries, Inc.) 

Roberts Filter Mfg. Co. 

Ross Valve Mfg. ‘ 


Filtration Plant Equipment: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Chain Belt Co. 

Cochrane Corp. 

Etablissements Degremont 

Filtration Equipment Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

F. B. Leopold Co. 

Omega Machine Co. 
Industries, Inc.) 


B-I-F 


(Div., B-I-F 


ADVERTISERS’ PRODUCTS 


Permutit Co. 

Roberts Filter Mfg. Co. 
Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 


Fittings, Copper Pipe: 
Dresser Mfg. Div. 

M. Greenberg’s Sons 
Hays Mfg. Co. 

Mueller Co. 


Fittings, Tees, Ells, etc.: 
American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 
James B. Clow & Sons 

Crane Co. 

Dresser Mfg. Div. 

M & H Valve & Fittings Co. 
Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


Flocculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

F. B. Leopold Co. 
Permutit 


Fluoride Chemicals: 
American Agricultural Chemical Co. 
Tennessee Corp. 


Fluoride Feeders: 
Milton Roy Co. 
Omega Machine Co. 
Industries, Inc.) 
Proportioneers, Inc. 
Industries, Inc.) 
Wallace & Tiernan Co., Inc. 


(Div., B-I-F 
(Div., B-I-F 


Furnaces: 
Jos. G. Pollard Co., Inc. 


Gages, Liquid Level: 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Burgess-Manning Co., 
struments Div. 

Infilco Inc. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Wallace & Tiernan Inc. 


(Div., 


Penn In- 


Gages, Loss of Head, Pressure 
of Vacuum, Rate of Flow, 
Sand Expansion: 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Burgess-Manning Co., Penn In- 
struments Div. 

Foxboro Co. 

Infilco Inc. 

Simplex Valve Meter Co. 

Wallace & Tiernan Inc. iil = 


(Div., 


Gasholders: 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 


Gaskets, Rubber Packing: 
James B. Clow & Sons 
Johns-Manville Corp. 


Gates, Shear and Sluice: 
Armco Drainage & Metal! Products, 


Inc. 
Chapman Valve Mfg. Co. 


James B. Clow & Sons 
Co. 
. Wood Co. 
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Gears, Speed Reducing: 

DeLaval Steam Turbine Co. 

Worthington Corp. 

Glass Standards—Colorimetric 
Analysis Equipment: 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 


Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Hays Mfg. Co. 

Mueller Co. 

Hydrants: 

James B. Clow & Sons 

Darling Valve & Mfg. Co. > 

M. Greenberg’s Sons 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Rensselaer Valve Co. 

R. D. Co. 

Hydrogen Ion Equipment: 

Wallace & Tiernan Inc. 


Hypochlorite; see Calcium 
Hypochlorite; Sodium Hy- 
pochlorite 


Ion Exchange Materials: 
Allis-Chalmers Mfg. Co. 
Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Iron, Pig: 

Woodward Iron Co. 

Iron Removal Plants: 
American Well Works 

Chain Belt Co. 
Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 
Walker Process Equipment, 


Jointing Materials: 
Hydraulic Development Corp. 
Johns-Manville Corp. 

Keasbey & Mattison Co. 
Leadite Co., Inc. 

Joints, Mechanical, Pipe: 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


Leak Detectors: 

Jos. G. Pollard Co., Inc. 

Lime Slakers and Feeders: 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Omega Machine Co. 
Industries, Inc.) 

Permutit Co. 

Wallace & Tiernan Inc. 


Magnetic Dipping Needles: 
W. S. Darley & Co. 


Meter Boxes: 
Ford Meter Box Co. 
Pittsburgh Equitable Meter Div. 


Meter Couplings and Yokes: 
Badger Meter Mfg. Co. 
Dresser Mfg. Div. 


Inc. 


(Div., B-I-F 


og 
| 
| 
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OA GOOD COMBINATION 


for better performance— 
lower operating costs... 


LEOPOLD 
FILTER BOTTOMS 


Designed to 
all underdrain requirements 


Made of de-aired fire clay—vitrified and salt glazed, the Leopold 
Filter Bottom is unequalled for dependable, economical service. 
The individual blocks resist corrosion, are not subject to tuber- 
culation, and will last indefinitely. Too, they require only small 
sized gravel, do not need special supporting concrete members, 
and the Leopold design insures uniform wash distribution. ; 


LEOPOLD 


Rubber Seated 


BUTTERFLY VALVES 


Assure positive drop-tight shut-off 
easily, efficiently, economically. 


In this design, the seat is of resilient Neoprene rubber 
or pure gum rubber, vulcanized around a steel ring 
insert, and held in place by a keeper ring. The steel 
ring, which is “continuous” to eliminate abnormal 
wearing, increases the firmness of the seat and assures 
longer service life. 

Whether operated manually or by automatic con- 
trols, Leopold Butterfly Valves always provide a 
positive shut-off that’s bubble-tight. Made in sizes 
6” to 96”. 


Meet AWWA Specifications C504-55T 


F. B. LEOPOLD CoO., INC. 


ZELIENOPLE, PA. 


COMPLETE WATER PURIFICATION ANDO FILTER PLANT EQUIPMENT * BUTTERFLY VALVES 
FILTER OPERATING TABLES * MIXING EQUIPMENT * DRY CHEMICAL FEEDERS 
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Ford Meter Box Co. 
Hays Mfg. Co. 
Hersey Mfg. Co. 
Mueller Co. i 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Worthington-Gamon Meter Co. 
Meter Reading and Record 
Looks: 
Badger Meter Mfg. Co. 
Meter Testers: 
Badger Meter Mfg. Co. 
_ Ford Meter Box Co. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pitisburgh Equitable Meter Div. 
Meters, Domestic: 
_ Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co. 
Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 
Builders-Providence, Inc. 
B-I-F Industries, Inc.) 
Burgess-Manning Co., 
struments Div. 
Foster Eng. Co. 
Infilco Inc. 
_ Simplex Valve & Meter Co. 
Sparling Meter Co. 
Meters, Industrial, 
celal: 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Builders-Providence, Inc. 
B-I-F Industries, Inc.) 
Burgess-Manning Co., 
struments Div. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Simplex Valve & Meter Co. 
Sparling Meter Co. 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co. 
Meter Repair Parts 
Meter Specialty Co. 
Mixing Equipment: 
Chain Belt Co. 
General Filter Co. 
Infilco Inc. 
F. B. Leopold Co. 
Paints: 


Barrett Div. 
Inertol Co., Inc. 


Koppers Co., Inc. a 


Pipe, Asbestos-Cement: 
Johns-Manville Corp. 

Keasbey & Mattison Co. 

Pipe, Brass: 

American Brass Co. 

Pipe, Cast Iron (and Fittings): 
Alabama Pipe Co. 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 
James B. Clow & Sons 

Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 

Pipe, Cement Lined: 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 
James B. Ciow & Sons 

United States Pipe & Foundry Co. 
R. D. Wood Co. 
Pipe, Concrete: 
American Concrete 


(Div., 


Penn In- 


Commer- 


(Div., 


Penn In- 


Pressure Pipe 


ADVERTISERS’ PRODUCTS 


American Pipe & Construction Co. 
Lock Joint Pipe Co. 

Pipe, Copper: 

American Brass Co. 

Pipe, Steel: 

Armco Drainage & Metal Products, 


nc. 
Bethlehem Steel Co. 
Pipe Cleaning Services: 
National Water Main Cleaning Co. 


Pipe Cleaning and 
Equipment: 
Flexible Inc. 


Pipe Coatings and Linings: 
American Cast Iron Pipe Co. 
Barrett Div. 

Cast Iron Pipe Research Assn. 
Centriline Corp. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Reilly Tar & Chemical Corp. 
Pipe Cutters: 

James B. Clow & Sons 
Ellis & Ford Mfg. Co. 
Jos. G. Pollard Co., Inc 
Reed Mfg. Co. 


A. P. Smith Mfg. Co. ee ae 


Pipe Jointing Materials; 
Jointing Materials 


Pipe Locators: 
W. S. Darley & Co. 
Jos. G. Pollard Co., Inc. 


Pipe Vises: 
Reed Mfg. Co. 


Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 

Potassium Permanganate: 

Carus Chemical Co. 

Pressure Regulators: 

Allis-Chalmers Mfg. Co. 

Foster Eng. Co. 

Golden-Anderson Valve Specialty Co. 

Mueller Co. 

Ross Valve Mfg. Co. 

Pumps, Boiler Feed: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. | 

Layne & Bowler Pump Co. 

Worthington Corp 

Pumps, Centrifugal: 

Allis-Chalmers Mfg. Co. 

American Well Works 

DeLaval Steam Turbine Co. 

C. H. Wheeler Mfg. Co. 

Worthington Corp. 

Pumps, Chemical Feed: 

Infilco Inc. 

Milton Roy Co. 

Proportioneers, Inc. 
Industries, Inc.) 

Wallace & Tiernan Inc. 

Pumps, Deep Well: 

American Well Works 

Layne & Bowler, Inc. 

Layne & Bowler Pump Co. 

Worthington Corp. 

Pumps, Diaphragm: 

Dorr-Oliver Inc. 

W. S. Rockwell Co. 

Wallace & Tiernan Inc. 

Pumps, Hydrant: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Pumps, Hydraulic Booster: 

Ross Valve Mfg. Co. 

Pumps, Sewage: 

Ailis-Chalmers Mfg. Co. 


Tools 


(Div., 


| DeLaval Steam Turbine Co 
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C. H. Wheeler Mfg. Co. 

Worthington Corp. 

Pumps, Sump: 

DeLaval Steam Turbine Co. 

Layne & Bowler Pump Co. 

C. H. Wheeler Mfg. Co. 

Worthington Corp. 

Pumps, Turbine: 

DeLaval Steam Turbine Co. 

Layne & Bowler, Inc. 

Layne & Bowler Pump Co. 

Recorders, Gas Density, CO:, 
NHsz, ete.: 

Permutit Co. 

Wallace & Tiernan Inc. 

Recording Instruments: 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Burgess-Manning Co., 
struments Div. 

Infilco Inc. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Reservoirs, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Tank & Mfg. Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Sparling Meter Co. 

Sand Expansion Gages; see 
Gages 

Sleeves: see Clamps 

Sleeves and Valves, 

James B. Clow & Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Sludge Blanket Equipment: 

General Filter Co. 

Graver Water Conditioning Co. 

Permutit Co 

Sodium Chloride: 

International Salt Co., Inc. 


Sodium Fluoride 

American Agricultural C Co. 

Sodium Hexametaphosphate: 

Calgon Co. 

Sodium Hypochlorite: 

John Wiley Jones Co. 

Wallace & Tiernan Inc. 

Sodium Silicate: 

Philadelphia Quartz Co. 

Sodium Silicofluoride 

American Agricultural Chemical Co. 

Tennessee Corp. 

Softeners: 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Softening Chemicais and Com- 
pounds: 

Calgon Co. 

Cochrane Corp . 

General Filter Co. 


Infilco Inc. 
International Salt Co., Inc. 
Permutit Co. 


Tennessee Corp. 
Standpipes, Steel: 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
RK. D. Cole Mfg. Co. 
Graver Tank & Mfg. Co. 


(Div., 


Penn In- 


Tapping: 


| 
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Consulting Engineers Freese, 
Nichols and Turner wisely chose 
couplings for joining piping in 
Houston's new water purification 
plant. Dresser Style 38 Couplings 
ranged in size from 18 to 48 inches. 
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Houston solves piping problems for ol 


Steel pipe and Dresser Couplings provide flexible installation, easy accessibility 


Houston’s new water purification plant, a 
part of the San Jacinto River Water Proj- 
ect, integrates some of the latest develop- 
ments in industrial design with time-proved 
principles of municipal water treatment. 

The new plant reflects the wise use of 
steel pipe and mechanical couplings where 
weight, price and greater flexibility are 
important factors. 

Consulting Engineers Freese, Nichols and 
Turner of Houston specified Dresser Cou- 
plings teamed with steel pipe “to provide 
for expansion and contraction of long runs 
of pipe, to provide for flexibility in the in- 
stallation and possible future dismantling 
of large pipe assemblies, and to connect 
steel pipe to concrete hydraulic structures.” 

Whenever you join pipe—especially near 
valves or any type of mechanical installa- 
tion—provide easier installation and _per- 
manence with safe, sure Dresser Couplings. 

Regardless of vibration or expansion- 
contraction, the resilient gaskets in Dresser 
Couplings hold bottle-tight for life. This 
built-in flexibility, particularly important 


between rigid flanges, serves to prevent 
piping strain from reaching valve casings 
and working parts. Result: greater eff- 
ciency, longer life. 

Installation with Dresser Couplings re- 
quires only a wrench, is fast and simple. 
You can forget time-consuming procedures 
because Dresser Couplings compensate for 
slight misalignments, facilitate installation 
of set, rigid equipment on piping. These 
couplings also permit easy entrance into 
lines for maintenance or repair of equipment. 

No other method of pipe joining provides 
all these proved advantages. Make sure you 
have foolproof, leakproof Dresser Couplings 
on your next water, sewerage or industrial 
project. For complete information, call 
your local piping supply 
house or write Dresser 
Manufacturing Division, 

Bradford, Pa. Sales of- 
fices in: New York, Phila- 
delphia, Chicago, S. San 
Francisco, Houston, Den- 
ver, Toronto and Calgary. 
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Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Steel Plate Construction: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Tank & Mfg. Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Stops, Curb and Corporation: 

Hays Mfg. Co. 

Mueller Co. 

Storage Tanks: see Tanks 

Strainers, Suction: 

James B. Clow & Sons 

M. Greenberg’s Sons 

R. D. Wood Co. 

Surface Wash Equipment: 

Cochrane Corp. 

Permutit Co. 

Swimming Pool Sterilization: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Omega Machine Co. (Div., B-I-F 
Industries, Inc.) 

Proportioneers, (Div., B-I-F 
Industries, Inc.) 

Wallace & Tiernan Inc. 

Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co, 

R. D. Cole Mfg. Co. 

Graver Tank & Mfg. Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Tapping-Drilling Machines: 

Hays Mfg. Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Tapping Machines, Corp.: 

Hays Mfg. Co. 

Mueller Co. 

Taste and Odor Removal: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Industrial Chemical Sales Div. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 

Wallace & Tiernan Inc. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 

Wallace & Tiernan Inc. 

Turbines, Steam: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Turbines, Water: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Trinity Valley Iron & Steel Co. 

R. D. Wood Co. 

Valve-Inserting Machines: 

Mueller Co. 

A. P. Smith Mfg. Co. 

Valves, Altitude: 

Golden-Anderson Valve Specialty Co. 


ADVERTISERS’ PRODUCTS 


W. S. Rockwell Co. 

Ross Valve Mfg. Co., Inc. 

S. Morgan Smith Co. 

Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

DeZurik Corp. 

M. Greenberg’s Scns 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

S. Morgan Smith Co. 

R. D. Wood Co. 

Valves, Detector Check: 

Hersey Mfg. Co. 

Valves, Electrically Operated: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co 

DeZurik Corp. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 

Valves, Float: 

James B. Clow & Sons 

Golden-Anderson Valve Specialty Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co., Inc. 

Valves, Gate: 

Chapman Valve Mfg. Co. 4 

James B. Clow & Sons | 

Crane Co. 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Valves, Hydraulically 
ated 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Golden- Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

F. B. Leopold Co. 

M&H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. ; 
. P. Smith Mfg. Co. ~ 
S. Morgan Smith Co. acy, 

D. W Co. 


Oper- 
(Div., 


Vol. 49, No. 11 


Valves, Large Diameter: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Muller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 4 

R. D. Wood Co. 

Valves, Regulating: 

DeZurik 

Foster Eng. 

Valve Specialty Co. 

Mueller Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co. 

S. Morgan Smith Co. 

Valves, Swing Check: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co. 

M. Greenberg’s Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Venturi Tubes: 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Burgess-Manning Co., 
struments Div. 

Infilco Inc. 

Simplex Valve & Meter Co. 

Waterproofing: 

Barrett Div. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Water Softening Plants; see 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc. 

Water Testing Apparatus: 

Wallace & Tiernan Inc. 

Water Treatment Plants: 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

Etablissements Degremont 

General Filter Co. 

Graver Water Conditioning Co. 

Hammond Iron Works 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Inc. 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Wrenches, Ratchet: 

Dresser Mfg. Div 

Zeolite: see ton 
Materials 


(Div., 


Penn In- 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1957 AWWA Directory. 
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New CRANE A.W.W.A. Valves © 
give you a wider selection — 


To meet special requirements, 
Crane now makes A.W.W.A. 
valves with two additional modi- 
fications. One is all-bronze internal 
parts. The other is double ‘‘O”’ 
ring stuffing boxes as an alternate 
to conventional stuffing box. 
The basic design of Crane 
A.W.W.A. valves—with free-to- 
rotate disc assembly—has never 
been surpassed for ease of opera- 
tion, positive seating, and low 
maintenance. With or without the 
new modifications, Crane 
A.W.W.A. valves are the most 
economical for any municipality. 


BODY 


SEAT RINGS 


UPPER RING 
SEALS OUT DIRT 


LOWER "O” RING 
i SEALS INTERNAL 
PRESSURE 


NOW —CRANE A.W.W.A. Valves 

with “O” Ring Stuffing Boxes 

“O” ring stuffing boxes also available. 

Two Buna-N “O”’ ring seals are used. 

Lower ring seals in the internal pressure; 
upper ring is an external dirt seal and 


_ reserve pressure seal. Crane A.W.W.A. 


non-rising stem valves with “O”’ ring 
stuffing boxes are available with hub, 
flanged and mechanical joint ends. Also 
with ends for ‘“‘Ring-tite’’ and ‘‘Fluid- 
tite’? Asbestos-cement pipe. All in sizes 
from 2” to 12”, 


Crane’s answer to corrosive water 


problems—all-bronze 

internal parts 
Where required because of unusual water 
conditions, Crane A.W.W.A. valves with 
all-bronze internal parts—body rings, discs, 
upper and lower spreader, gland and 
**Ni-Vee’’* Type A stem—are available. 
With hub, flanged and mechanical joint 
ends—in all sizes from 2” to 12”. 


For complete information about Crane A.W.W.A. valves, 


.-. = : write your Crane Representative. Or send for Circular 2108. 


No. 480-'2-BD hub-end valve. 


“whe. *Ni-Vee" is registered trade-mark of the International Nickel Co. 


CRAN vatves & FITTINGS 


PIPE PLUMBING ¢ KITCHENS HEATING AiR CONDITIONING 


Since 1855 — Crane Co., General Offices: Chicago 5, Ill. 
Branches and Wholesalers Serving All Areas : 
= 


* 
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The World’s First t Sealed anumie Water Meter 


“a 
lh. Water Meter makes history. Makes sense, too. 
It’s the first water meter to operate successfully 
without a troublesome stuffing box. A simple, 
powerful magnetic coupling does this work— 
without friction, binds or leaks. The hermetically 
sealed register forever eliminates condensation 
problems that often make ordinary meter reg- 
isters hard to read. Ends corrosion problems, too. 
Even Rockwell has never made a more accu- 
° P rate meter. It requires less maintenance than any 
Hermetically Sealed Register meter you have ever used. And it’s tamperproof. 
Never Fogs—Always Easy To Read The cost? No more than an ordinary meter— 
All the register parts and reduction gearing ore actually less than meters now fitted with special 
hermetically sealed in this stainless steel housing types of registers. Write for bulletin. Rockwell 
having a thick, heat treated glass window. Condensa- Manufacturing Company, Pittsburgh 8, Pa. 7 


tion, dust and corrosion are permanently excluded. 
A powerful magnetic drive eliminates the need for a 


Rockwell Sealed Register Water Meter 
With Powerful Magnetic Drive 
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The solution to this problem is always the same . . 


. but 


Water Treatment Problems are different 

No two water treatment problems are exactly alike. The right solution to each 
can only be arrived at after a careful study of the local conditions. Variables such 
as raw water composition, rate of flow and results required automatically rule out 


ll approach. The installation shown below is a good example of how 


ild be selected to fit the job... and not vice versa. 


Fountain City 


TENNESSEE 
PeriFilter System employs split 
filter for continuous operation 


Producing 1.0 MGD of finished water from limestone 
springs at Fountain City, this Dorrco PeriFilter 
System consists of a single 30’ dia. Hydro-Treator 
surrounded by an annular rapid sand filter. To main- 
tain continuous operation, the filter is split by a par- 
tition plate and backwashed one half at a time 
During backwashing, Hydro-Treator effluent over- 
flows into the inner launder and is distributed to 


Close up of PeriFilter System taken while backwaosh- 
ing right side of filter. Left side of filter remains in 
operation. 


Consulting Engineers: Polk, Powell and Hendon, 
Alabama. 


the opposite half of the filter. The results at 
Fountain City have been uniformly excellent with 
an average turbidity in the filtered water of less 
than 0.3 ppm 

For more information on the complete line of D-O 
equipment for the water works industry write for a 
copy of Bulletin No. 9041. Dorr-Oliver Incorporated, 
Stamford, Connecticut 


Hydro-Treator, PeriFilter, TM. Reg. U.S. Pat. Off 


Every day over 8'2 billion gallons of water are treated by Dorr-Oliver equipment 


WORLD-WIDE RESEARCH 


+N CORPORATE 


ENGINEERING EQUIPMENT 


— 
eq Sh 
a 
— 
— 


Jointed for... | 


Permanence 
LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 


durable joint,—but that it improves with age. 


The pioneer self-caulking material fer c. i. pipe. ‘ 
Tested and used for over 40 years. 


Saves at least 75% 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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